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Paper No. 5261. 


“Further Data concerning Pre-stressed Concrete : Comparison 


reget Calculated Stresses and Stresses registered during 
est.” 


By Tony Jutzs Guerirre, B.Sc. 
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INTRODUCTION. 


In the early months of 1940 it was arranged that a Joint Meeting of The 
Institution and the British Section of the Société des Ingénieurs Civils de 
France be held on the 25th June, for the purpose of discussing a Paper 1 
by the Author on recent developments in pre-stressed concrete construc- 


tion. Unexpected changes in war circumstances caused the Meeting to. 


be cancelled almost at the last minute, and, in view of the desire expressed 


by many engineers for an early opportunity of becoming conversant with 
the contents of that Paper, it was arranged that it be published in full in 


the July 1940 issue of “ The Structural Engineer.” A corrected issue 


was reprinted for members of the French Society. 


Tar DEVELOPMENT OF PRE-STRESSED CONCRETE. 


In that Paper the Author reviewed communications with the prepara- 


tion of which he had been connected during the past 10 years, and which 


+ Correspondence on this Paper can be accepted until the 15th August, 1941, and 
will be published in the Institution Journal for October, 1941.—Sxc. Insr. CE. 

1 “ Recent Developments of Pre-Stressed Concrete Construction with Resulting 
Economy in the Use of Steel.’”’ ‘‘ The Structural Engineer,” vol. xviii (1940), p. 626 
(July 1940). Reprinted by the Société des Ingémeurs Civils de France, British 


~ Section. 
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unfolded gradually the trend of thought of M. Freyssinet and other 
continental engineers engaged on the development of pre-stressed con- 
crete 2,3, He set out the principles of pre-stressed concrete design and 
described the mass construction of pre-cast pre-stressed girders about 
17 feet long, and the results of tests upon them ; gave examples of applica- 
tions to bridges of up to slightly more than 100 feet span, resulting in a 
saving of steel in the neighbourhood of 75 per cent. in comparison with 
ordinary reinforced-concrete design; and described the details of special 
anchoring-blocks and of double-action hydraulic jacks used, firstly, for 
stressing the parallel wire-cables for in situ pre-stressed work, and 
secondly, for anchoring the stressed cables so as to set up the desired 
compressive stresses in the concrete. Figs. 1, Plate 1, and Figs. 2 illustrate 
the very thorough study of details necessary for the practical application of 
pre-stressed concrete designs. The construction of the double-action jacks 
requires time, and as under war conditions, when all existing simpler jacks 
are already in use on other works, the delay in obtaining delivery may 
prove too great, it may be necessary to provide alternative means (Figs. 3, 
Plate 1) for stressing and anchoring by means of jacks of similar design, 
the anchoring cone being replaced by a mere conical funnel allowing suit- 
able spreading of the cable wires, which are threaded in couples through 
holes distributed in a strong bearing-plate, and are anchored by means of 
steel wedges, whilst additional security against slipping is eventually 
provided by spot-welding. Four small hydraulic jacks, inserted between 
the end of the concrete member to be pre-stressed and the bearing-plate, 
are used to obtain the desired stressing. When this is attained, strong 
reinforced-concrete blocks, able to withstand the necessary pressure, are 
placed between the jacks, which may then be removed. Concrete is then 
packed between the pre-stressed member and the bearing-plate, and also 
around the plate, which remains permanently in position. The operation 
requires rather more care in the working of the four jacks, since the double- 
action jack is a more automatic tool; but great care and experience are 
always very necessary in pre-stressing operations. 


CONSTRUCTION OF STRUCTURAL MEMBERS. 


In the construction of the structural members described in all the 
earlier Papers referred to, the hard-steel wires, or the wire cables, were 
placed in position before the concreting operations. An alternative 
method has been developed recently, with the view of avoiding possible 


1 T. J. Gueritte, “The views of M. Freyssinet concerning Ferro-Concrete Bridges 
of very great span.’ Société des Ingénieurs Civils de France, British Section ; 
3 April, 1981. . 

* E, Freyssinet, “ A Revolution in the Technique of the Utilisation of Concrete.” 
Société des Ingénieurs Civils de France, British Section ; 19 March, 1936. 

8 A. Coyne, ‘‘ The Construction of Large Modern Water Dams.”? Société des 
Ingénieurs Civils de France, British Section; 11 February, 1937. 
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struction and is not taken into account in withstanding the normal stresses. 
A suitable hole, or holes, are provided throughout the full length of the 


with an extremely light reinforcement, which is useful only during con- 
lower flange of the beam, the diameter being such that, later on, the 
_ stressing cable may be slipped through. The manufacture of the beams 
‘may therefore proceed immediately, and usually they are. sufficiently 
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matured when the hard-steel cables are ready. The pre-stressing is then ~ 


carried out by either of the methods described above. 

As an alternative, the beam, instead of being moulded for its full length, 
may be constituted by a number of separate elements provided with 
suitable holes for, respectively, the cable and tie-bolts, the elements being 
assembled and the cable stressed in the usual way. The elements may be 
stocked and used at short notice for beams of various spans; and their 
transport is much easier than that of ready-made girders of great span. 

It will be seen that, whereas the principles of pre-stressing have not 
altered, the methods of carrying out the work have become more numerous 
as a consequence of the practical experience gained and the necessity of 
overcoming actual difficulties. 


THE 62-Foot Trst-BEam. 


The 62-foot test-beam described by M. Freyssinet in March 19361, 
was subjected to extensive tests by Dr. K. W. Mautner, with the assistance 
of Professor Morsch. The methods used for pre-stressing the beam’s lower 
flange, and the uprights, were described in the earlier Papers. Publication 
in England of the results of those tests had to be postponed, partly owing 
to events which ultimately culminated in the present war, but it is now 
possible to give them. 

The beam was an actual one-third scale-model of a roof truss of 183 feet 
effective span (Figs. 5). Its characteristics are given below, the notation 
being that given in the Appendix prepared by Dr. Mautner? for the 
Author’s Paper of July 1940. 

Effective span Z = 61 feet. Length overall Ly = 62 feet 3 inches. 

Depth at midspan H = 3 feet 10 inches. 


depth 1 
span 15-85" 


Depth over supports H, = 2 feet 7 inches. 
Breadth of flanges of the I-section, 6 = 9-25 inches. 


Ratio 


Thickness of web in the middle part, over a length of 29 feet 6 inches, - 


1-575 inch, increasing gradually towards the ends to 3-15 inches. 

The ends of the beam are of plain rectangular section over a length 
of 1 foot 8 inches. 

The middle section has a sectional area A, = 156-5 square inches, and 
a moment of inertia Z, = 50,000 inches4. 

The section just before the plain ends has a sectional area A, = 1405 
square inches, and a moment of inertia J, = 15,850 inches?. 


1 See footnote 1 on p. 92, ante. 


* “Recent Developments of Pre-Stressed Concrete Construction with Resulting 


Economy in the Use of Steel.” Société des Ingénieurs Civils de France, British 
Section ; pp. i, ii, iii, iv. 
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Figs. 5. 
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Scale: full-size 
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SECTION 7-8, 1-14 » SECTION 4-41, 


0:212"dia 


Scale: } full size. 


3 6 9 12 inches. 
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Sxotions THRouGH THE 62-Foot Tust-BEAM. — 
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The beam has an average dead weight of 148 Ib. per foot. 
The reinforcement (the diameter of the bars of which, naturally, had 


oan & 


to be one-third of that foreseen for the 183-foot trusses) was as follows :— — 


In the middle section: sixty-four bars of 5-4 millimetres (slightly © 


more than } inch) diameter, providing a sectional area A, = 2-26 square 


inches in the lower flange, and fifteen bars of 5-4 millimetres diameter in — 


the web and upper flange. 


The main reinforcement decreases gradually in concordance with the © 


curve of bending moment, down to twenty-two bars of 5-4 millimetres 
diameter over the supports, providing a sectional area A, = 0-78 square 
inch in the lower flange, and twelve bars of 5-4 millimetres diameter in the 
web and upper flange. 


The bars were of weldable silico-manganese steel, with a breaking stress — 


of 65 tons per square inch and an elastic limit of 40 tons per square inch. 

The average pre-stressing of the steel amounted to 78,000 Ib. per square 
inch, or 34-8 tons per square inch, which, through shrinkage, creeping, and 
elastic deformation, could be reduced to 57,000 lb. per square inch, or 
25-5 tons per square inch. This pre-stressing corresponded to an elonga- 
tion of the bars in the ratio of 1 : 382. 

The stirrups, consisting of pairs of 4-millimetre (about ¢-inch) diameter 
bars, spaced 15 inches apart for the greater part of the span, and of pairs 
of 5-4-millimetre bars, spaced 15 inches apart on a length of 3 feet near the 
supports, had been similarly pre-stressed. 

A photograph of a portion of the beam, resting upon its U-shaped mould 
base, is given in Fig. 6. 

. The test was carried out by loading the beam with twelve isolated loads 
P, spaced regularly at 59-1 inches from each other (Fig. 7). 


THEORETICAL STRESSES. 


Longitudinal Flange Stresses. 


The theoretical stresses, in the middle section, due to pre-stressing, 
dead weight, and live load combined, were :— 
In the upper flange : 


Ses = — 0:009f,, + 386 + 0-519P Ib. per square inch. 
In the lower flange : 
Sei = + 0:03705 f,, — 372 — 0-5P Ib. per square inch. 


Se denotes the preliminary stress in the steel, and P the isolated loads, in lb. 
7 Figs. 8 show the theoretical stresses in both flanges for pre-stressing 
varying from 49,500 Ib, per square inch to 78,000 Ib. per square inch, for 
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values of P ranging from 0 to 4,400 lb. For instance, for P = 3,531 Ib., 
and fy = 78,000 Ib. per square inch, at section 7 (mid-span), 


Js = 1,518 Ib. per square inch (compression). 
Ji = 752 Ib. per square inch (compression). 


Figs. 8. 


THEORETICAL FLANGE-STRESS: LB. PER SQUARE INCH. 


fap |b. per square inch. 


SECTION 7. 
(Midspan). 


THEORETICAL FLANGE-STRESS: LB. PER SQUARE INCH. 


Repeated reproduction of the graphs introduces slight inaccuracies, 
especially when converting metric into English measures. Consequently, 
the results quoted throughout the Paper are those derived from caleula- 
tions and may differ slightly from those read on the graphs. 
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‘Theoretical Shear Stresses. 

As stated in the Appendix ! to the Paper of July 1940, the unit shear 
Vous 
i She 


stress, v = 


The maximum shear forces are : 
From dead weight V, = 4,320 Ib. 
From superimposed load V, = 6P. 


In the section just adjoining the plain end part of the beam the shear 


Fig. 9. 


EAR STRESS: LB. PER SQUARE INCH, 


THEORETICAL SH 


000 
LOAD P: LB. 


stress resulting from the combined effect of dead weight, superimposed 
load, and pre-stressing is : 


Vinax = 54 — 0:000363f;p + 0-074P (Fig. 9). - 


The pre-stressing, Jep, appears in the equation because of the slightly in- 
clined axis of the beam. ) 
i 


For instance, if /,, = 78,000 lb. per square inch, and P = 3,531 Ib., 
Vmax = 286-6, say 290, lb. per square inch. 
Principal Stresses f; and fo.2 
fus=Ufe +h) &V Se fy? + 402. 


The angle of the principal stresses is given by 
2u 
Su— Se 


1 “ Recent Developments of Pre- Stressed | Concrete Construction with Resulting 
Economy in the Use of Steel.’’ Société des Ingénieurs Civils de France, British 
Section ; pp. iii and iv. 

2 Loe. cit. 


tan 2a = 
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For the section just adjoining the plain end (Fig. 10), 
2v : 


Ny ie . 
59 + 0-0054f,, 


Fig. 10. 


ANGLE & ; DEGREES. 


2000 3000 
LOAD P: LB. 


For v = 290 lb. per square inch, and /,, = 78,000 lb. per square inch, 
a = 25 degrees 20 minutes (P = 3,531 Ib.). 
Sis 2 = 4(— 83-5 — 0-00882f,,) + $V (— 59 — 0-0054f,,)? + 40? 
(compression denoted by minus sign (Fig. 11)). 


Fig. 11. 


531 Ib. 


h pil Ib.per sq 
78 


—200 


__Normal load: P= 


Uare jn 
000 ch, 


PRINCIPAL STRESSES fy AND fy: LB. PER SQUARE INCH, 
= 
8 


For v = 290 lb. per square inch (P = 3,531 Ib.), and fp = 78,000 lb. 
_ per square inch, ing ‘ 
fi, = — 763 lb. per square inch. 
| ‘fo = —9Ib. persquare inch, 
f Thus both of the maximum principal stresses are compressive. 
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Inclined Stresses in the Web. 
As deformations had been measured (see Figs. 12, Plate 2), 


(measurement 15: « = 33 degrees; 6 = & vat = 123 degrees 


ff 16 : % = 33 degrees + - ;p=a +3 = 258 degrees 
T 7 
Pe 17 :« = 33 degrees + ;d=a+ We 213 degrees 
7 7 
- 18 : % = 33 degrees + i oa 4+ aT 168 degrees) 
Figs. 13. 


: 


fep:tb. per sq.in. Tt 
78,0007 —* 
70,785 


INCLINED STRESS IN WEB: LB. PER SQUARE INCH. 
bcd 
} 


INCLINED STRESS IN WEB: 
LB. PER SQUARE INCH. 


LOAD P : LB. 


the respective stresses, 
S =Sz sin? 6 + fy cos? d + 2v sind cos d, 
are indicated on the graphs in Figs. 13. 


Theoretical Deflexion in the Middle of the Beam. 
This has been found to be represented by : 


E;,8 = T46fiy — 1,140,000 — 1,554P, in lb.-inch-!, 
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the three terms corresponding respectively to pre-stressing, dead weight, 


| and superimposed load (Fag. 14). 


LB. 
INCHES 


* BE, X DEFLEXION AT MID-SPAN~ 


1 
100,000 


TESTS. 


The beam was designed for a dead weight of 148 lb. per foot and a 


_ superimposed load of 717 lb. per foot. 


The isolated test loads P corresponding to the superimposed load are : 


TT X 891 3531 Ib, 
12 


The bending moment M = 179-5 ton-feet. 
The corresponding stresses at the middle of the beam are (Fig. 8) : 


tog = + 1,645 Ib. per square inch . 
Se; = + 221 Ib. per square inch ee 


both stresses assuming a decrease of f,, from 78,000 lb. per square inch to 
Fro = 63,500 lb. per square inch. 
~ Measurements were taken up to a total loading of 1,090 lb. per foot, 
59-1 


_ corresponding to isolated loads P = (1,090 — 148) x ee 4,640 Ib. 


0 
Ike 
i 
» 
* 
ie 
‘ 


4 


For a final stress in the steel, Fro = 63,500 Ib. per square inch, 


Fes = + 2,220 Ib. per square inch, compression, _ 
Sox = — 342 Ib. per square inch, tension. 


‘If the final stress in the steel had been f = 72,500 Ib. per square inch, the 
result would have been /,; = 0 (no tensile stress). 


\ : 
>» 
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CoMPARISON OF MEASURED VALUES WITH THEORETICAL VALUES. 


In order to ascertain the degree of agreement between actual measure- 
ments of deformations and calculated values, measurements of deformations 
for various stresses were carried out on concrete prisms of similar com- 
position and of approximately equal age to the concrete of the beam 
(Fig. 15). | 


COMPRESSIVE STRESS IN CONCRETE: LB. PER SQUARE INCH. 


1 


1 
MEASURED CONTRACTION: = MILLIMETRE. 


1000 


2 3 i 
MEASURED CONTRACTION: 1 INCH, i 


For instance, for an increase in stress 4/, = 710 lb. per square inch © 


(between 1,420 and 2,130 lb. per square inch) the contraction Al = alt 


. . Ms 1; 
millimetres, for 1 = 150 millimetres. Therefore 
l 1,000 x 150 x 710 
i= Ai’ Aj, = ee ae 3,800,000 lb. per square inch. 


Figs. 16 illustrate the measured contractions and extensions in the upper 
and lower flanges at the middle of the beam. The points where the strains 
were measured, namely, 11 in the upper flange and 4 in the lower flange are 
indicated in Figs. 12, Plate 2. The measurements are given in gg¢o9 inch 
for a length of 7-88 inches (200 millimetres). ’ 

From 


A 


dy = eg (Pigettye ee 


1 Se 
R _ 4M xh x Al 
° (au — Ao) * 
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Figs. 16. 
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Figs. 17. 


For the different stages of loading (see Fig. 18 for the deflexion at midspan) 
the following moduli may be obtained from the measured deformations : 
ne NE 


Stages. Load : Ib. per foot. E He Ib. per sq. inch. 
IV to V f..< 1 ee 383 577 4,040,000 
V to VI See oR 577 846 3,340,000 
VitoVil % Gee 5k 846 443 | 3,710,000 
VIII to IX ayes? a ehay 416 820 3,910,000 
TX. to: Xe a eres 820 954 3,550,000 
Xilto SU oes a 1,088 820 | 3,750,000 


700 290-300 500 
TOTAL LOADING:LB PER FOOT-RUN, 


EEE OOOO eee cael 


MEASURED DEFLEXION AT MID-SPAN: INCH. 
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The latter figures relative to EZ, do not differ much from the value of 
3,800,000 resulting from the testing of the prisms, for values of Fe between 
1,420 lb. per square inch and 2,130 lb. per square inch. 

The loading of 1,090 Ib. per foot corresponds, as mentioned before, to 


- isolated loads, P, equal to 4,640 lb. 


This means that, as indicated by Figs. 8, 


for fy = 63,500 Ib. per square inch, | for fg = 72,500 Ib. per square inch, 
ep 25220 - . Sos = 2,130: 4; 53 
and fy = — 342 a9 Ay and fo; = 0, 


these being the stresses according to the theoretical calculations. 


Comparison of the Strains in the Web with the Theoretical Calculation. 
For stage IX (Fig. 18) the total loading is 820 Ib. per foot : 
59. 
P = (820 — 148) x = — 3,300 Ib. 


According to the calculations (Figs. 13), the inclined stresses, in lb. per 
square inch, in the various directions shown on Fig. 12, Plate 2, should be : 


Direction (see Ff... = 71,000 Ib. per = 64,000 Ib. per FS. = 57,000 lb. per 
Fig. 12, Plate 2). 80 square inch. ° square inch. ° square inch. 

15 fe = —680 1b. per | fe = —640 lb. per fe = —600 Ib. per 
square inch. ,Square inch. | square inch. 

16 fe = —460 lb. per fe = —400 Ib. per fe = —355 Ib. per 
square inch. square inch. square inch. 

17 fe = — 56 Ib. per fe = —14 Ib. per fc = +36 Ib. per 
square inch. square inch. square inch. 

18 fe = —250 lb. per fc = —240 Ib. per fe = —227 Ib. per 
square inch. square inch. square inch. 


the minus sign denoting compression. 


Measured Strains for Stage IX. 
Young’s modulus, as given by the prism tests for values of f, between 


70 and 710 lb. per square inch, was 


; Al 
wet ier Extension Al: Stressf, = 200 x Ee 
se millimetre. (length = 200 millimetres) : 
ao Ib. per square inch. 
Sheet BiG oie 
a zoce fo mee Compression. 
16 —i00 te = 384 ; y . 
17 + ati fc unknown * Slight tension 
18 + aor fc unknown * Veryslight tension. 


] 
a 


. 
} 


: = 
8 - ° 


a 


E,, = 4,800,000 Ib. per square inch. 
The measurements may be tabulated as follows : 


SKS 
| * These values of f¢ cannot be given because the value of HZ in tension was not 


106 GUERITTE ON FURTHER DATA 


Comparison of the measured and the calculated values of /, reveals 
very satisfactory agreement. It should be borne in mind that measure- 
ments with a precision of ggtoo inch are very difficult in the case of very 
small extensions such as those in directions 17 and 18. 


Comparison between Calculated and Measured Deflexion (Figs. 14 and 18). 


For stage IX (Fig. 18) the measured deflexion was 5,, = — 0-335 inch. 
According to the measured extensions tabulated above, Young’s modulus 
for Stage IX is Z, = 3,910,000 lb. per square inch. 

According to the calculations the deflexion (Fig. 14) for Stage IX, 
with P = 3,300 lb. (1-48 tons) and /;, = 66,600 Ib. per square inch, is 
given (see p. 100, ante) by : 

ES, = (74-6 66,600). — 1,140,000 — (1,554 x 3,300) 
= — 1,310,000 lb.-inch-! 
-whence 6, = — 0:335 inch. 

For the load stage XI—XII, the total loading was 1,090 lb. per foot- 
run, the isolated loads being 4,640 Ib. (2-07 tons). 

The measured deflexion (Fig. 18) was 8, = — 0-955 inch and, after 
16 hours, 8,,’ = — 1-045 inch. 

Young’s modulus, as given by tests for Stage XII, was 

E, = 3,750,000 Ib. per square inch. 
The calculated deflexion was given by the equation 
E&m = — 3,750,000 x 0-955 = 74-6/,. — 1,140,000 — (1,554 x 4640), 
whence Jso = 63,900 lb. per square inch, 
Similarly, for ,,’ = — 1-045 inch, 
Sco = 59,500 Ib. per square inch. 


Comparison of the measured and the calculated deflexion shows that 


their agreement indicates a décrease of the initial pre-stressing from 78,000 
Ib. per square inch to 66,600 lb. per square inch for the normal load, and 
to 63,900 lb. per square inch (eventually 59,500 Ib. per square inch) for 
the maximum test-load. 


OBSERVATIONS DURING LOADING, 


‘The first very fine (hair) cracks in the tensile zone at mid-span occurred 
when the bending moment attained 263 ton-feet, that is, 
263 
179-5 
corresponding to a uniformly-distributed total load of 1,270 Ib. per foot, 
in comparison with the total normal load of 865 Ib. per foot. The super- 


= 1-465 x calculated bending moment, 


CONCERNING PRE-STRESSED CONCRETE. 107 


imposed load was then 1-57 times greater than normal. After release of 
the load, the fine cracks disappeared entirely. 


superimposed load ++ dead weight Shed 4 eee 


The ratio 
dead weight 148 


The breaking of the beam occurred in the middle (Fig. 19) by com- 
pressive failure of the upper flange, when the bending moment was 
412 ton-feet, equal to 2-3 times the normal moment. This corresponds to 
a uniformly-distributed total load of 2,000 lb. per foot, the test super- 
imposed load being then 2:59 times greater than normal. 


superimposed load + dead weight 2,000 


The rati = ae arse 8 ae ee elie op 
eae dead weight 148 


= 1355. 
Conclusions. 

(a) Before the appearance of the first capillary cracks the beam sup- 
ported 8-6 times its dead weight. 

(6) Before rupture it supported 13-5 times its dead weight. 

(c) The beam was designed for a normal load equal to 5:85 times its 
dead weight. 

For the purpose of comparison, an equivalent reinforced-concrete beam 
carrying an equal load would have a sectional area of A, = 310 square 
inches, that is, almost exactly double that of the pre-stressed beam. It 

- would be reinforced longitudinally with 7-2 square inches of steel in the 
lower flange, that is, 3-19 times the steel section in the pre-stressed beam. 
It would carry only 2-65 times its dead weight. 

Only a few of the hundreds of values of the measured deformations 

_ recorded during the tests can be given; but they agree very well with 

_ the calculations and with the parallel measurements of the moduli of 

elasticity of the concrete prisms. 
The effect of shrinkage, creeping, and elastic deformation was con- 
siderably below the limit for which allowance had been made. 

After having maintained the maximum load (Figs. 16) for 32 days, 


the modular ratio m = 2 which had been previously, for stage IV-V, 
¢é 

- m= 7-6, increased to m = 8-8, for stage IX. This implies a decrease 
from the original pre-stressing of only 4-7 tons per square inch (10,500 Ib. 
per square inch). For stage XII, m=9-1; the decrease from the 
original stressing was 12,500 lb. per square inch, say, 5-7 tons per square 
inch, The losses include elastic deformation and the major part of creep- 

ing and shrinkage. ; 
It seems worth while to draw attention to the fact that, whereas the 
_ original pre-stressing of the test-beam described in the Paper of July 1940 
' had been 151,000 1b. per square inch, in the case of the test-beam described 
above the original pre-stressing did not exceed about 78,000 Ib, per square 


4 


7 
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inch. As already mentioned, the steel used in the 1936 test-beam had a 
breaking stress of 65 tons per square inch and an elastic limit of 34:8 tons 
per square inch. At present it is customary, in actual work, to use hard- 
drawn steel wires having a breaking-stress of 100 tons per square inch 
with a 0-1-per-cent. proof-stress, of say, 85 tons per square inch. This 
allows a preliminary stress of 70 tons per square inch and a final stress of 
55 tons per square inch. 

The reasons for the difference are that in 1935 the anchoring devices 
which have since been designed and carried out for hard-drawn wires were 
not available, and consequently it was found advisable to use for the test- 
beam the silico-manganese weldable steel, having the characteristics given 
on p. 96, ante. 


THE SouTHALL Test-BEaAM. 


In the test-beam constructed at Southall, Middlesex, in the spring of 
1940, the preliminary stress increased to approximately 154,000 Ib. per 
square inch (68-7 tons per square inch). The beam was typical of pre-cast 
pre-stressed girders for temporary bridges, referred to on p. 14 of the July 
1940 Paper. This hollow beam is illustrated in Figs. 20, Plate 2. It 
has a length of 29 feet, a depth of 18 inches, and a breadth of 172 inches, 
with a span of 28 feet. The thickness of the sides ranges from 3 inches 
near the ends to 2 inches in the central part, the top and bottom being 34 
inches thick. 
depth 1 
span 18-65 
Sectional area A, = 172 square inches. 


The ratio 


Longitudinal pre-stressed reinforcement A, = 0-754 square inches’ 


(twenty-four $ inch diameter wires). 

Dead weight = 179 lb. per square inch. 

Maximum bending moment = 36 ton-feet. 

Preliminary pre-stressing, f,) = 153,888 lb. per square inch, or, say, 
68-7 tons per square inch. 

The final stress in hard-steel wires, after losses through shrinkage, 
creeping, and elastic deformation, f;, = 108,416 lb. per square inch, or, 
say, 48-4 tons per square inch. 

Accordingly the preliminary pre-stressing force was : 

a Fey = 68-7 x 0-754 = 51-8 tons, 
the final pre-stressing force being Fy, = 48-4 x 0-754 = 36-5 tons. 
For the determination of the expected total loss Fp — Fo, apart from 
elastic deformation (see Appendix to the J uly 1940, Paper), the following 
coefficients of shrinkage and creeping were taken : 
peg =O 4 980 _ 075 
+" "2" 1,000 * 1,000 ~ 1,000 


ee ace en Ti + ag 


FAILURE OF 62-FOOT 


5 
% 


TEST-BEAM: DESTRUCTION OF COMPRESSIVE ZONE. 


4 


28-FOOT-SPAN TEST-BEAM AT SOUTHALL. 


Fig. 23. 


28-FOOT-SPAN BEAM AFTER FAILURE. 
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TESTS. 


Measurements (of which extracts are given below) 
representatives of the Building Research Station during the loading of 


the beam to twice the normal working load on the 24th May, 


were recorded by 


and 
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during loading to failure on the 28th May, 1940. Figs. 21 show the 
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positions of the instruments used during the tests. Table I gives the results 
recorded on the 24th May, and Tables II and III give the results recorded 


on the 28th May. 


Strains at positions Nos. 1, 2, 6, and 8 are tensile. 
3, 4, 5, and 7 are compressive. 


The measurements of strains and deflexions are given as values relative 
to the conditions at the beginning of each test, that is, to the conditions of 
the hardened beam already subjected to pre-compression. 

The area of the four jack-rams is 43 square inches. 

For a concrete having, for instance, a modulus of elasticity of 5 x 106 
Ib. per square inch the stresses corresponding to the indicated strains are 
obtained by multiplying the values for strain by 5. 


TaBLE I.—REsuLts OF TEST ON BEAM aT SouTHALL, 24 May, 1940. 


Load. Defiexions: inches x 107‘. Concrete strains, x 10-®. 

i thd Tons. ag) Re eet ae bas Go} ¥ / 8 
inch. 

0 0 0; 0} O 0 0 0 0 
100 1-96 4/10) 3 0 27| 24| 32 
204 3:92 4| O| 3] 40 79| 67| 60 
306 5-88 4/10} 8} 80; 123/118} 99 
389 7-46 9| 10} 11/123} 162] 161) 125 
389+ 7-46) 9) 10} 11) 115 — | 158} 125 
510 9-80 28/10} 8/145] 176] 212) 181 
613 11-77| 270 |2,372 |3,478 |2,361 42/15]11|177| 290) 266} 229 
613+-| 11-77] 280 |2,416 |3,526 |2,399 42|20]11|175| 285} 266| 233 
390 7-46) 216 |1,837 |2,724 |1,741 34/20/11) 140} 187] 198] 155 
200 3-92) 139 |1,100 |1,640 |1,002 4/13| 8] 80 93|}108| 84 

0 0} 50] 266} 406) 177] 57| 4)|—11/20|] 3] 20|/—10)| 19 0 


TaBLE II.—Rusutts or PRELIMINARY Txsts, 28 May, 1940. 
nS RRR ASS, Mabey Mester ieee maw oe 


Gauge Deflexion : inches x 10-4, 
pressure : 
Ib. per square 
inch. A B Cc, D E. 
0 0 0 0 0 0 
102 25 164 303 222 26 
204 70 551 744 596 58 
306 106 928 1,456 948 94 
390 133 1,265 1,952 1,297 125 
510 185 1,730 2,590 1,742 169 
640 237 2,223 3,348 2,271 217 
715 270 2,586 3,730 2,629 264 
816 309 3,068 4,845 3,143 329 
890 359 3,780 5,795 3,702 413 


Norr.—At a pressure of 890 lb. per square inch on the gauge, three hair cracks 


formed under the centre jacks. 
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TasiE ITI.—Resvutts or Test To Famure, 28 May, 1940. 


Cent: 
lb seeeanare Remarks, defiexion : Remarks. 
inch. inches. 

0 1:27 
390 0-2 1-41 
640 0:42 1:87 
0 0-02 Load released 2-47 

640 0-42 2:77 Load released 
890 0-79 Load released. 2-24 
890 0:80 2-52 
1,000 1:02 2-92 
4-01 


0:97 Load released 


Norz.—At a pressure of 1,300 Ib. per square inch one of the end jacks reached the 
end of its travel, and the loading was continued with the two centre jacks only. Under 
this system of loading failure occurred at a pressure of 1,600 lb. per square inch and a 

central deflexion of about 8 inches. The failure was by compression near one of the 
loading jacks, and had been preceded by two fairly large diagonal tension-cracks near 
one support, and also by cracks caused by horizontal shear at the construction-joint 
between the top surface and the sides of the beam. 

Undoubtedly, had the original arrangement of loading been proceeded with, the 
failure would have been by shear. 


The beam was designed for a uniformly-distributed load of 520 lb. per 
foot-run (including its dead weight of 179 lb. per foot). 

The knife-edge load in the middle = 1-8 ton. 

The resulting moments were produced during test by four hydraulic 
jacks, each exerting a load of 1-9 ton (see Figs. 21 and also Fig. 22, which 
shows the testing-bench and its three uprights, made of pre-stressed 
concrete, through the apertures of which the beam to be tested is inserted, 
and also, near the top, a steel girder against which the jacks abut ; Fag. 23 
illustrates the beam just after rupture). ; 

In order to compare the calculated with the measured stresses, the 
theoretical modulus of elasticity of the concrete for bending, at different 
stages of loading, must be determined. from the measured deflexion. 
Results obtained by calculations analogous to those previously described 
are embodied in Fig. 24. Comparative tests on prisms for ascertaining 

~ the real values for axial compression were not available. 


Comparison of the measured axial stresses with static calculations. 


The final pre-stressing force had been assumed at 

F)=36-5 tons (with a unit stress of 48-4 tons per square inch) (Fags. 24). 

For loading YP = 7-46 tons (see Table I), the comparison between 
calculated stresses (dotted lines) and measured stresses (full lines) is shown 
in Figs. 26, the load producing at that time a bending moment equal to 
0-988 times the normal moment. 
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4000, 


MODULUS OF ELASTICITY OF CONCRETE: 
TONS PER SQUARE INCH 
[=] 
3S 


SUPERIMPOSED LOAD: TONS. 


_ For loading XP = 9-8 tons, the comparison may be read from Figs. 27 ; 
and for X'P = 11-77 tons, from Figs. 28. 


Figs. 25. 
STRESS DISTRIBUTION: LB. PER SQUARE INCH. 


7R 12304 [+9554 


yes 


be—+1192—»] be —-1200— | 


DUE TO PRESTRESSING DUE TO FULL-LOAD B.M. DUE TO PRESTRESSING 
Fy, OF 36°5 TONS. OF 36 TON-FEET. +FULL LOAD 
No reliable measurement of the deformations relative to pre-stressing 


only, that is, after release of the jacks, could be made, as at that stage 
the beam was in its concrete mould. 


Figs. 26. 


STRESS DISTRIBUTION LB PER SQUARE INCH 


275 +4255 +980 — oj 
—> 15a] fies + 840m 


bediaatdaa 


DUE TO PRESTRESSING DUE TO LOAD OF 7-46 TONS DUE TO PRESTRFSSING 
Fy, OF 36:5 TONS + LOAD OF 7-46 TONS 
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Figs. 26 show that the measured compressive stress of 1,255 lb. per 
square inch corresponds to a calculated stress of 1,215 Ib. per square inch, 
being in excess by 3-2 per cent. Assuming the same percentage of increase 


Figs. 27. 


STRESS DISTRIBUTION LB PER SQUARE INCH 


ones +1570——» +1295 
a ee +1400. | 


+ +1192—»| Le -1195 1 
+——- 1530 aa Fhe 
QUE TO PRESTRESSING DUE TO LOAD OF 9:8 TONS DUE TO PRESTRESSING 
Fy, OF 36'5 TONS +LOAD OF 9-8 TONS 


for the compressive stress by pre-stressing only, the lower fibre would 
have a compressive stress of 1,230 lb. per square inch, instead of 1,192 lb. 
per square inch. 

Thus agreement between the measured and the calculated values is 
very satisfactory. The slight discrepancies are due to the adoption, in 


Figs. 28. 


STRESS DISTRIBUTION LB PER SQUARE INCH 
50 


Sas 
Le — 40192 pare ae Fal 


DUE TO PRESTRESSING , DUE TO LOAD OF 11 77 TONS DUE TO PRESTRESSING 
Fy. OF 36 5 TONS + LOAD OF 11:77 TONS 


the calculation, of the hypothesis of a straight-line stress diagram (Navier), 
instead of the more correct parabolic distribution. Further, the tensile 
stresses in the concrete given by the tests for loads in excess of the normal 
are lower than those obtained from the calculation, especially for the 
heavier loads. ; 

The first very fine (capillary) cracks appeared in the tensile zone at a 
gauge pressure of 890 lb. per square inch, corresponding to a load of 
17-1 tons, or 2-26 times the normal superimposed load. The straight-line 
stress diagram would give a corresponding stress of -+- 2,165 lb, per square 
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inch in compression and — 1,168 lb. per square inch in tension ; but from 
the observations above, as the real stresses are represented by the para- 
bolic distribution, it is obvious that the real tensile stress would be 
decidedly lower, probably about 750 lb. per square inch. 

When the load of 17-1 tons, which had produced these capillary cracks, 
was released, the cracks disappeared entirely. In the further testing, at 
a gauge pressure of 1,000 lb. per square inch, corresponding to a load of 
19-2 tons, or 2-53 times the normal, the first capillary cracks reappeared, 
and widened, whilst slight shear cracks appeared near the supports; but 
these cracks disappeared when the load was released. 

When loading was resumed, failure of the beam occurred through the 
destruction of the compressive zone at a gauge-pressure of 1,600 Ib. per 
square inch, when only two jacks were at work, as explained in the report 
of the Building Research Station (Table III, p. 111, ante). This corre- 
sponds to a superimposed load bending-moment equal to 3-35 times the 
normal. . 


CoNCLUSIONS. 
E é . deflexion 
At 0-981 times normal superimposed load the ratio span 1 : 1,680. 

” 1-62 °° ” >” ” ” Sib ” ” I's 800. 
> 2-05 >? 9° 9? 9: 9 99 9 ” 7. 1 : 693. 
” 3:04 ” ” o> ” rr) ; ” ” } 3.236, 
* 3-28 > o> > s: 2988 ory ” 1: 84, 
STOO. 55 M6 5 », failure occurred. 


At : = times normal superimposed load the non-elastic deflexion was . 4-75 per cent. 
» 328 ,, ” ” ” ” ” . 24 ” 
Shortly before failure, for 3-28 times normal load, the beam was still 


. deflexi 
elastic to the extent of 76 per cent., with the ratio eee a" 
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Discussion. 


The Author, in introducing his Paper, mentioned that the disadvantage 
of the system using four jacks instead of the double-action jack was that, 
naturally, the anchoring-block thus formed had to stand outside the con- 
crete member, instead of being embodied in it ; but that was a very small 
disadvantage, and the system was being used for the construction of roof 
principals for sheds of 120 feet span. 

The tests of the 62-foot test-beam had been very extensive, and, in 
fact, thousands of readings were registered. Only a few of them could be 
mentioned in the Paper, but he would be pleased to afford access to the 
full record of tests. The results obtained showed that in the case of a 
fully pre-stressed member, that was, a member acting under load without 
any tensile stress, the actual stresses tallied very closely with the theo- 
retical calculations. In that respect such a member might be placed on 
a par with a member made of a homogeneous material such as steel. In 
the case of a heterogeneous material such as reinforced concrete, calcula- 

‘tions were usually made on the assumption that the concrete carried no 
tensile stress; in other words, the calculations corresponded with the 
state of the member when the tensile zone had been destroyed and the 
member was approaching failure. Consequently, under the conditions in 
the neighbourhood of normal load, that was, up to a stage when the con- 
crete did, in fact, withstand a certain tensile stress, the pre-stresses were 
found to be different from those calculated, and the calculation was: really 
to supply some estimate of the factor of safety. He ventured to draw 
attention to that fact because it defined the different point of view which 
had to be adopted when considering calculations relative to ordinary 
- reinforced concrete and pre-stressed concrete. The slight differences 
which the tests revealed between the measured stresses and those resulting 
from calculation were due partly to the fact that Young’s modulus varied 
with the magnitude of the stress and partly to the fact that the calculations 
were based upon the assumption of linear distribution of the stress, plane 
sections remaining plane during the bending of the member. That 
assumption, of course, was no more in accordance with reality for a homo- 
geneous material like steel than for a heterogeneous material. ‘The tests 
- proved that the degree of concurrence between the actual and calculated 
stresses for pre-stressed concrete was quite comparable with that in the 
case of homogeneous materials. For instance, the strains measured 
rendered it possible to calculate the values of Young’s modulus and to 
_ tabulate them in the Paper, and the concurrence in the case of the maximum 
' load was found to be very close, namely, 3,750,000 Ib. per square inch as 
against 3,800,000 lb. per square inch. 
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The deflexion of the 62-foot test-beam corresponded with that of a 
steel girder of equal depth stressed to only 7,000 Ib. per square inch, instead — 
of the usual figure, so that the deflexion of the pre-stressed beam was much : 
smaller than that of a steel girder of equal depth and the usual stress, the © 
explanation being that the whole of the section was active as regards the ~ 
moment of inertia, because there was zero tension on the bottom face of | 
the girder instead of about half-way up. Of course, as soon as the tensile 
stress became important the deflexion increased, and that was shown very : 
clearly towards the end of the test of the 28-foot beam. ; 

The President said that he was sure that members would agree that 
the Author’s introduction of his Paper had been of a very interesting © 
nature. He believed that that was the first occasion on which the im- | 
portant subject of pre-stressed concrete had been brought before a meeting — 
of The Institution. 4 

Mr. W. J. E. Binnie considered that the British Section of the Société : 
des Ingénieurs Civils de France owed a debt of gratitude to the Author, ~ 
who was, in fact, its founder. The Author had arranged for French civil 
engineers to visit England from time to time and read Papers for the — 
edification of British civil engineers. Those Papers had always been of 
considerable interest and had kept British engineers cognisant of what was 
going on in France. Unfortunately the present circumstances were such 
as to make the activities of the British Section of the Société des Ingénieurs 
Civils de France extremely limited. . 

Mr. T. Peirson Frank observed that the Author had made the subject 
of pre-stressed concrete peculiarly his own. Mr. Frank had not had an 
opportunity of checking the formulas or of working out the equations 
given: He had been impressed, however, by the material contained in 
the Paper, and he thought that the subject was topical, because it bore on | 
the question of economy. | 

As the Paper was a record of facts, it was not possible to criticize it, — 
but he would like to ask a few questions. 

He did not know whether the Author had had experience of pre- 
stressing by heat methods as well as by the use of jacks; but, if so, he 
would like to know which method the Author had found to be the more 
efficacious. Personally he thought it would be the jacks, because they 
could probably transmit the desired stress a little more accurately. 

He would also like to know whether the Author had re-tested any of 
the pre-stressed members to see whether there was any loss by shrinkage, 
by creep, or by elastic deformation due to age. In connexion with 
fairly large engineering works with which he was associated, he had been 
told that, in certain pre-stressing done on reinforced-concrete girders, a 
pre-stress of 45,000 lb. per square inch had been applied (by the heat 
method, incidentally), and on re-testing in May 1940, after about 90 to 
100 days, it had been found that there was a reduction to 40,000 lb. per 
square inch, which was equivalent, in a period of 90 or 100 days, to 


CONCERNING PRE-STRESSED CONCRETE. 117 


something more than 10 per cent. That made him wonder, when 
reading the Paper, whether with the passage of years there would be a 


- continuing reduction in the pre-stressing and if a rather different factor 
_ of safety would have to be used. Under war conditions, rather different 
methods had to be adopted in certain types of construction; but, when 


the war was over, would engineers have to plan for future wars? If so, 
one would have to visualize a pre-stressed reinforced-concrete beam being 
cracked sufficiently to allow the pre-stress to be removed almost entirely 
from the steel members. If that happened, of course, a collapse might 


- occur where otherwise one would not be expected. 


Figs. 26 and 27, pp. 112, 113, ante, indicated that the comparison of the 


_ measured stress with the calculations was very satisfactory and that, for 
the heavier loads at all events, the actual stresses were lower than those 


calculated. He thought that, of all the statements in the Paper, that was 
probably the most comforting. It was a check, and it showed that the 


- calculations erred a little on the safe side. Perhaps the Author, in his 


reply, would care to add a word or two more upon the comparison 


_ between the calculated stresses and the stresses registered during test. 


Dr. Oscar Faber observed that most of his remarks would be in the 


_ form of questions which he had not found quite clearly answered when he 


studied the Paper and had tried to check some of the statements made. 
In the first place, in the case of the 64-foot beam made of thirteen pre- 
cast sections, illustrated in Figs. 4, Plate 1, no tests were described in the 
Paper, and he would therefore like to ask the Author whether, in fact, that 
beam had been tested at all. Ifso, could the results be published ? Most 
of the tests referred to in the Paper related to the 62-foot beam, which was 
illustrated in Figs. 12, Plate 2. In regard to that beam, it was stated 
that it was not made of precast sections, but was cast in situ, and that 


some of the reinforcements went to the end whilst others did not. That 


emerged clearly from the description, and therefore it was quite clear that 
the method of pre-stressing described could not have been applied to that 


beam. He thought it would add to interest in the Paper if the Author 


would state how the 62-foot beam was, in fact, pre-stressed. 
He would like to ask whether the Author had considered how much 
additional stress occurred on the steel as a result of the loading. Dr. 


Faber did not think that the point had been mentioned in the Paper. It 


was quite clear that there would be some additional stress in the steel, 
- because the bottom flange was lengthened and, in some of the beams, the 


steel was brought up to the neutral axis at the end, so that the steel lay 
-onacurve; and itwas clear that as the deflexion increased that curve would 
‘become longer. Therefore there must be some additional stress on the 


steel, and, seeing that the Author started with an initial stress of about 
72,000 lb. per square inch, it would be of interest to know what the 


/ additional stress might be. 


With regard to creep and shrinkage, he gathered from the Paper that, 
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in the case of the 62-foot beam, to which the initial tests related, the 
Author had calculated that, if he started with an initial stress of 78,000 lb. 
per square inch, the stress, after allowance had been made for shrinkage 
and creep, might be about 57,000 lb. per square inch ; but Dr. Faber did 
not think that it was stated in what period of time that shrinkage and 
creep had occurred, because he could not find anywhere in the Paper a 
statement as to the age of the concrete when the test was made. He 
considered that it was impossible to calculate the effect of shrinkage and 
creep except in regard to some definite time-period, because the shrinkage 
and creep went on for years, although most of it occurred during the first 


— 


year. He had himself made some preliminary calculations, as a result of — 


the study of creep which he had presented to The Institution a few years 
agol, and it appeared quite clearly that as a result of creep and shrinkage 
the shortening of a piece of concrete under stress might, at the end of 
a year, be three times as much as the elastic shortening. If that were 
applied to the present Paper, it would be found that in certain circum- 
stances more than 50 per cent. of the pre-stressing might disappear after 
a year; and he would like the Author to comment upon that. 

With regard to the savings to which reference was made in the Paper, 
he thought it should be remembered that, when mild steel was replaced by 
silico-manganese steel of much greater strength, to which much higher 
stresses were applied, savings in the quantity of steel might be effected ; 
but the actual financial saving would be considerably less, because a much 
more expensive material was employed and the cost of the operations 
involved in the pre-stressing had also to be taken into account. It was 
clear that the financial saving would be something very different from the 
saving of 75 per cent. of steel, and there might be no saving at all. 

Reverting to the question of economy, it was stated several times in 
the Paper that if the beams in question were compared with beams of 
ordinary design they were found to be much more economical. He did not 
think that the mixture of the concrete was stated in the Paper; but, 
assuming that it was 1: 2: 4, it seemed to him that in a beam of ordinary 
design one would presumably be limited to the stress which the Code of 
Practice would allow to be put on concrete of that character, namely, 
950 Ib. per square inch ; but it was clear from Figs. 8 that the Author had 


started with a stress in the concrete of 2,500 lb. per square inch. Therefore — 


it appeared that much of the economy ascribed to pre-stressing was really 
economy due to stressing concrete to much higher stresses and to the 
substitution of a much stronger steel for the mild steel which was normally 
used. He did not understand why it was permissible to stress 1:2: 4 
concrete to 2,500 Ib. per square inch if only 950 lb. per square inch were 
allowed in the case of beams of ordinary design. That clearly was economy 


1 ««Plastic Yield, Shrinkage, and other Problems of Concrete and their Effect on 
Design’, Minutes of Proceedings Inst. C.E. vol. 225 (Session 1927-28, Part I), p. 27. 
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obtained by a reduction in the factor of safety ; and that there was a real 
_ reduction in the factor of safety was borne out by the fact that the tested 
factor of safety on the pre-stressed beams in all cases was about 2°3, 

whereas on other tests it was generally much higher. Moreover, in all 
_ cases the beams apparently failed in compression, so that apparently it 

was the stress in the concrete which limited the stress in the beams. 
Dr. Faber considered that that was an indication that the Author was 

really working on a reduced factor of safety by having very much higher 
_ stresses in the concrete. Dr. Faber would undertake, without pre-stress- 
ing, to design and test a beam of the same lightness, provided that he 
_were allowed the same high stresses. 

A point of particular interest was that the top flange of the 62-foot 

beam was only 94 inches wide; yet the span was 62 feet, and that, of 
course, gave a ratio of length to breadth of 80:1. He would like to ask 
the Author whether during the test there was any restraint against lateral 
-deflexion. He did not see any indication of such restraint, and, if there 
were none, it seemed very interesting that one could have a top flange to a 
beam having the high ratio of length to breadth of 80:1 without any 
lateral support at all. He believed that, according to the London County 
— Council Regulations, it would not be permissible to put any stress at all 
on that beam. He would like to ask whether there was something very 
peculiar about the beam, or whether the Regulations might be due for 
revision in that particular respect. 

Mr. C. 8. Chettoe considered that the idea of pre-stressing concrete 
was very attractive, owing to the absence of cracks, to the fact that the 
whole depth of the section of the beam could be used, to the lightness of 
the beams, and to the saving in construction-depth. There was also the 

_ question of economy, which was perhaps modified to some extent by the 
factors which Dr. Faber had mentioned. Thanks were due to the Author 
for the work he had done in pursuing the possibilities of pre-stressed con- 

_ erete and for his two very interesting Papers. 

When the Ministry of Transport wished to augment its stores of 
emergency bridge material in 1940, it had decided, bearing in mind the 
factors mentioned above, to construct a number of beams of pre-stressed 

concrete, with spans ranging from 15 feet to 50 feet, to make up bridges 
20 feet wide. The original proposals for the beams were illustrated by 

cross-sections in the Author’s Paper of July 1940. The 50-foot spans 
were constructed of H-sections, 12 inches wide, and the original design of 
the other beams was given in that Paper. 

Their shape was designed in order to effect greater economy in material. 
It was intended to tie them together by rods carried through the top 

surface, but it was felt that as the beams were to be stored for emergency 

_ purposes they should have a residual factor ; and as they might be useful 

for railway bridges, it was thought desirable to have a smooth soffit. 

Therefore the shorter beams, with spans ranging from 15 feet to 40 feet, 
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were re-designed and made of the type shown in Figs. 20, Plate 2. That 
beam was a typical beam of the 28-foot span (all the beams were of that 
type except the H-beams), and the Southall test, therefore, was a test on a 
typical beam for one of the bridges. 

The beams were constructed on three sites by the method described 
in the July 1940 Paper, in which the wires were stretched between 
anchorages about 600-800 feet apart, depending upon the sites and the 
room available, and three to four rows of beams were laid out. The wires 
were stretched between the anchorages by means of jacks. Beams were 
cast around the wires, the pressure of the jacks was released when the 
beams had hardened, the wires were cut, and the beams were subsequently 
stored. That method had been adopted before in a case which had been 
referred to by the Author, in which a very large number of beams were 
constructed and the results were particularly good ; but in the case under 
discussion some sites had to be found in a hurry and it was necessary to 
have rather massive anchorages ; therefore the cost per beam was higher. 
The cost depended largely upon the number of beams produced, and when 
the number was limitedit might be better to adoptthe alternative method of 
casting them first and pre-stressing the wires by jacking against their ends. 

In designing the beams, it was intended that they should be placed 
side by side, and that vehicles could, if necessary, run over them without 
any form of road surface; but in that event there would not be very 
much distribution between the beams, even in the type of beam finally 
adopted, where the vertical face of one beam would come up against that 
of the next beam, as an error in construction might occur, and it did not 
follow necessarily that the sides of the beams would be in contact. It 
would be possible to improve distribution by putting down timber or 
sleeper tracks. Ultimately, when the beams formed part of the permanent 
structure, it would be possible to have a reinforced-concrete deck with a 
proper camber, and on that vehicles would run satisfactorily. The original 
intention was to arrange holes passing right through the deck side by 
side, through which wires, cables, or rods could pass, the tension being 
sufficient for the beams to come into contact; but Mr. Chettoe doubted 
whether even then contact would eventually be obtained, owing to the 
difficulty of obtaining a perfectly straight face on the side of the beam. 
Another difficulty was that the beams might have to be used for re-decking 
skew bridges, in which case the holes would not be opposite one another 
and could not therefore be used. 

Considerable care was required in stacking and shifting the beams. 
They had to be slung from the ends and must not be supported at all in 
the middle. ; ; ; 

Mr. Ewart 8. Andrews observed that one statement which the Author 
had made in his earlier Paper, and which he obviously still believed to be 
true, was that it would be a waste of money to use very strong steel in 
beams without pre-stressing, because the elastic stretch of the steel would 
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cause cracks to occur in the concrete. Mr. Andrews did not believe that 
that was true, and he would like to see a test carried out on two identical 
beams, of equal area and of the same quality of steel, one pre-stressed and 
the other not pre-stressed. He doubted whether the advantage of pre- 
stressing would pay for the cost of carrying out the pre-stressing. 

Dr. Faber had pointed out that the factor of safety in the two beams 
for which test results were given in the Paper was.low. It was rather 
difficult to ascertain that factor, because the results were given in terms of 
the superimposed load being so many times the design superimposed load ; 
but Mr. Andrews imagined that the dead load had to be taken into account, 
and that the apparent figures in the Paper were higher than the real 
factors of safety. 

He would also like to know whether, in the relative areas given for non- 


_ pre-stressed steel and pre-stressed steel, the former was of the same quality 


as the latter, and, if so, what working stress was taken in the calculations. 
He believed that high-tensile steel had a much higher value as reinforce- 
ment than was accorded to it by most of his friends and colleagues, and 
with high-tensile steel he would be willing to adopt much higher stresses 
than those in customary use. . 

The danger of cracking was, of course, a real one. He had no doubt 
that, with very high stresses, some cracking would occur, but also he had 
no doubt that with ordinary steel at ordinary stresses there was some crack- 
ing. He believed that every reinforced-concrete beam contained cracks, 
although they could not be seen; and whilst the increased cracking might be 
bad in exposed positions, he did not think that it would matter in buildings. 

Dr. E. C. Smith considered that pre-stressing was one of the greatest 
advances made in reinforced concrete since its inception. 

He had observed that the factor of safety of the 62-foot test-beam was 
not so high as that of the 29-foot test-beam. Apparently that was due 
to the flanges of the larger beam being extremely slender, and therefore 
that beam was not so well suited to resist buckling stresses as was the 
shorter beam. In practice the roof trusses would be stiffened to some 
extent by cross-beams or the roof covering, so that they would have an. 
even higher factor of safety than that shown by the test ; that was to say, 
both would have a factor of safety of more than 34 at a comparatively 


_ early age for the concrete to be severely stressed. 


It would be interesting, however, to know what precautions against a 
tendency to buckle were adopted in the pre-stressed beam made up 


of a large number of precast elements (Figs. 4, Plate 1), especially imme- 


diately before the grouting-in of the cable. 
Adopting the notation referred to by the Author, Dr. Smith found that 


the formula for the tension in the steel after elastic deformation was as 


follows :— fey 
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where 4 denotes the radius of gyration of the concrete section, and 7 
denotes the distance of the pre-stressing steel from the centroid of the 
concrete section. Testing that formula at limiting values for E,, it 
would be seen that, if EZ, =0, feo = 0, and, if Ep = ©, fso=feps which 
obviously were the correct results. Another point was that, in 
calculating the moment of inertia of the beam section, the area of 
steel had to be omitted when obtaining stresses due to pre-stressing, 
but it had to be taken into account when finding the stresses due to 
the dead and live loads. Pre-stressing could be adapted so that it 
would produce a concrete virtually as strong in tension as in com- 
pression ; therefore it offered a wide scope for both large structures and 
small precast members. « 

Mr. John Cuerel observed that the work described was perhaps more 
limited in its scope than some of the Author’s earlier work. Nevertheless 
it was valuable as demonstrating that the behaviour of pre-stressed beams 
under load approximated closely to that anticipated from purely theoretical 
considerations. He was not surprised that the beams carried the design 
loads with an adequate factor of safety, because the general principle was 
so simple that, with proper care, nothing could go wrong. The interesting 
point was that the pre-stressing converted the heterogeneous elements 
- into the equivalent of a homogeneous elastic material. 

He felt sure that, when certain difficulties had been overcome, the 
method would find increasing application. The data so far available 
suggested that it was particularly suitable for pre-cast products, and was 
not necessarily limited to those of small size. For pre-cast members the 
use of ultra-high-tensile steel was advisable—and usually essential—on 
account of the stress-decrease due to shrinkage and creep. Those strains, 
of course, resulted in a reduction in the tension in the steel ; correspond- 
ingly the initial tension must be high, as otherwise it would vanish entirely 
in time. He considered that the necessary use of ultra-high-tensile steel 
was in itself disadvantageous. Not only did it tend to introduce bond 
and anchorage troubles—which could be overcome by attention to detail 
—but also it introduced a certain degree of prejudice, which formed a 
much greater obstacle than any technical difficulty. 

_ Many engineers considered that a brittle glass-hard high-tensile steel, 
stressed well up towards its limit, was not an entirely suitable material 
for the majority of structures. That opinion might be modified when 
more experience had been gained, but it would certainly carry weight in 
_ the earlier stages of development, and would always form a hindrance: 

He would suggest that the direction of the development of pre-stressing 
should, at all events at first, be altered to what he considered to be its 
finest application, namely, the construction of important structures, such 
as bridges of 300 feet, 500 feet or 700 feet span, and also, perhaps, the well- 
designed skyscrapers which he hoped to see after the war. In such struc- 
tures the use of ultra-high-tensile steel would not be essential technically, 
and would not be advantageous economically. That resulted both from 


* 
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the high proportion of dead load to total load and from the restraint 
against indefinite creep afforded by non-pre-stressed members. He 
would propose the use of a medium-high-tensile rolled steel, which could 
be produced in the form of small rounds, with an ultimate strength of 
45-50 tons per square inch and a yield-point of about 55 per cent. of the 
ultimate strength—say 60,000 lb. per square inch. That steel would have 
the yield properties of mild steel with only slightly less elongation, and 
would be readily weldable. It could be produced, he was assured, at a 
cost only slightly higher than that of mild steel; and a suitable working 
stress would be of the order of 40,000 Ib. per square inch. He considered 
that the property of weldability was very important when considered in 
relation to the design of details, to the pre-stressing arrangements, and 
to anchorage. In connexion with the 62-foot test-beam, a weldable silico- 

_ manganese steel had been mentioned by the Author ; but, in the absence of 

further details, he, as a welding man, doubted its ready weldability under 
field conditions, and also its possession of yield-point properties. 

With regard to procedure, during construction the bars to be pre- 
stressed in both the flange and the web (assuming a large structure and 
the use of the steel which he had suggested) would be placed in cored or 
tubed holes, and just before de-centering would be pulled up to about the 
working stress of 40,000 lb. per square inch. On removal of the supports 
the dead load, which would amount to 40-60 per cent. of the total, and 
which would be assumed to be half the total, would tend to produce con- 

- erete tensions appropriate to a steel stress of 20,000 lb. per square inch. 
The concrete surrounding the pre-stressed bars would, of course, still be 
in compression, and would therefore creep, so that the steel stress would 
decline. The decrease with time would be measured and plotted and, 
after a curve had been obtained, the steel would again be pulled up to 

_ perhaps a modest over-stress, say, 45,000 lb. per square inch, as determined 

_ by the extrapolation of the curve. There would be, of course, a further 

_ drop due to the remaining creep, but that would be very small, since the ~ 
concrete would already be mature ; it would already have been loaded for 
a considerable period, and there would be practically no shrinkage left. 
The final asymptotic value of the stress could be obtained from the curve, 

and it would be limited to a figure only slightly less than the working 

- stress, so that when the full load was applied the tension in the concrete 

would be confined well within the recognized safe tensile value. Therefore 
all the advantages of full pre-stressing would be derived from the 
method. lat 

_ Another point to which he wished to refer was the emphasis laid by the 

_ Author upon the care and experience required in carrying out pre-stressed 

work, As many members knew, the development of high-grade normally- 
designed reinforced concrete had suffered considerably from the prevalent 
view that any type of work could be carried out largely by unskilled 
 Jabour, with only a sprinkling of trained men and the minimum of 
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direction and supervision, whilst reliance was far too often placed on 
men learning the job as it went along. He would urge the importance of 
creating organizations experienced in design as well as in construction, 
and equipped with the necessary specialist staff for carrying out the work. — 

Mr. C. E. Reynolds stated that a primary principle of M. Freyssinet’s 
pre-stressing practice was that the pre-stressing force was so balanced with 
relation to the bending moment due to normal working load that no 
tension was developed in the concrete, whilst, if tensile stresses should be 
developed, they were so low that no cracking was produced. Conditions 
could be easily visualized under which temporary or even permanent 
tensile stresses sufficiently high to produce cracking could occur. For 
example, it was considered that the usual factor of safety adopted in the 
case of normal structures would cover accidental overloading. Apart 
from accidental overloading there was intentional overloading. For 
instance, when a structure was designed for London, and pre-stressing was 
specified for it, it was probable that the District Surveyor would require 
to be satisfied in regard to the strength of the members, not only by 
calculation, but also by test loads, and the usual requirement was the 
imposition of a 50-per-cent. overload. If such an overload were applied 
to the stress conditions illustrated in Figs. 25, a calculated tensile stress 
approaching 600 lb. per square inch might arise, that was to say, a con- 
dition slightly more severe than the conditions shown in Figs. 28; and, 
although cracking had not occurred in the Author’s test-beam at that 
calculated stress, Mr. Reynolds considered that the stress would un- 
doubtedly be sufficiently high to crack everyday concretes. 

A further cause of tensile stress might be shrinkage. The coefficient 


ae 


0-25 : 
of [000 assumed in the Author’s calculations, was undoubtedly a reason- 


able figure for the first stage, as had been proved by the tests, and it was 
also, doubtless, reasonable for the ultimate shrinkage in structures wherein 
shrinkage was partially unrestrained, or in reservoirs or similar works 
where the concrete was in a more or less constant state of dampness. In 
a fully-restrained member, however, an ultimate shrinkage coefficient of 
almost double the stated value might not be unreasonable, in which case 
an additional tensile stress exceeding 200 or 300 lb. per square inch 
might be produced in the concrete, and that stress, either alone or com- 
_ bined with one or other of the tensile forces mentioned, might conceivably 

cause cracking. Once a crack had formed, the homogeneous nature of 
the section was destroyed. Unless conditions were favourable to auto- 
genous healing in course of time, the concrete could no longer take tensile 
stresses, and therefore the tensile forces would be transferred to the steel, 
which, already highly stressed by the preé-stressing operation, would be 
called upon to carry still further stress. He would like to ask whether, 
in the Author’s opinion, with a pre-stress of 35 tons per square inch, 
there was sufficient margin below the yield-point stress of 40 tons per 
square inch to take up any extra tension due to any or all of the causes 
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that he had tried to describe, or to similar causes, bearing in mind that the 
actual stress in the steel after pre-stressing, as shown by the tests, was 
higher than that allowed in the calculations, and also remembering that 
an additional tensile stress of possibly 5 tons per square inch, calculated 
from the figures given in the Paper, was induced in the steel to correspond 
with the reduction in the compressive stress on the concrete from 1,200 lb. 
per square inch to zero. 

Further, was it feasible, in the Author’s opinion, to resist such acci- 
dental additional tensions, or even some of the tensions due to the normal 
working load, by the inclusion of additional unstretched reinforcement ? 
Mr. Reynolds knew that the principle of introducing unstretched reinforce- 
ment was the underlying idea put forward by Dr. Paul Abeles}. Dr. 
K. W. Mautner 2 had already published in some detail his views on such 
proposals, and had expressed his general disapproval of them. 

Regarding the margin between the stress in the pre-stressed steel and 
the elastic limit of that material, it was of interest to determine what was 
the magnitude of that stress with the concrete uncracked. Adopting values 
similar to those given in the Paper, the initial pre-stress was about 35 tons 
per square inch. The test results of one of the beams showed that shrink- 
age, creep, and elastic deformation caused a reduction of only 4-7 tons per 
square inch for normal load, increasing ultimately to 5-7 tons per square 
inch ; the maximum additional stress due to elongation under normal load 
alone could be shown to be about 5 tons per square inch. Thus, without 
any excess loads and with uncracked concrete, in round figures, the actual 
stress might be 85 — 5 + 5 = 35 tons per square inch. If loading in 
excess of the normal were applied, further stress would be added, and if 
the concrete should crack, still further stress would be imposed on the 
steel, which already had but a small margin below the yield-point stress of 
40 tons per square inch. 

Another small point relating to the steel stress was whether, when 

calculating the reduced pre-stressing force, some allowance should not be 

made for friction on the mild-steel collar or other retaining device, where 

the pre-stressed wires fanned out to the anchoring device as in Figs. 3, 

Plate 1. Although the angular change of direction was small (about 

7 degrees), the friction resulting from the bearing force on the steel collar 

_ might reduce the applied pre-stressing force by anything up to 5 per cent. 

It was true that that was low compared with the calculated reduction 

(about 27 per cent.) due to shrinkage, creep, and elastic deformation, It 

‘might be that the difference between the calculated and actual stress 

- reduction due to creep, etc., allowed sufficient margin to cover the reduc- 

tion due to the friction mentioned. He raised that point because he had 

examined sketches of stretching devices wherein the stretched wires were 

bent through a much sharper angle than in the Author's apparatus. 

+ 1 “Saving Reinforcement by Pre-stressing.” Concrete Constr. Hngng., vol. 35; 

: et Wh < Sering Reinforcement by Pre-stressing.”” Ibid., vol. 36, p. 73; Feb. 1941. 
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With regard to the grouping of the bars in the beam section in Figs. 5, 
as the test-beam was one-third the size of the actual beam, the vertical 
space between the superimposed layers of wires in the bottom flange of 
the actual beam would be 3 X 0-118 inches, or less than % inch for bars 
about § inch in diameter. That was less than the 4 inch which was 
regarded as the minimum allowable clearance in present-day practice, and 
he would like to be assured that, in spite of the vibratory process adopted, 
the concrete was well packed around the reinforcement and was entirely 
free from voids among the closely-packed bars. It had to be remembered 
that in the test-beam the space was even smaller—less than $ inch. Some 
such assurance appeared to be important, since pre-stressing produced 
high compressive stresses on the concrete around the bars. 

He considered that the use of pre-cast sections combined with pre- 
stressing formed a noteworthy contribution to the standardization of 
construction which must inevitably take place after the war. 

«* Dr. E. Probst observed that in addition to effecting a certain 
economy in the use of steel, the pre-stressing of reinforced-concrete 
structural members rendered it possible to obtain more than ordinary 
safety against cracking, owing to the low tensile strength of cement and, 
consequently, of concrete. The first modest attempt to utilize the pre- 
stressing of concrete to prevent its cracking in the tension parts of a 
reinforced-concrete arch, was made about 30 years ago. At the same time, 
tests on pre-stressed reinforced-concrete beams showed that cracks 
appeared at loads about 50 per cent. higher than those which caused 
cracking in non-pre-stressed beams of the same type. 

The practicability of the idea of pre-stressing depended entirely upon 
the effectiveness of the devices used in the process and upon the anchoring 
of the steel reinforcement. In any case wide experience and great care 
were necessary in elaborate pre-stressing operations such as those depicted 
in the Paper. 

Research-tests, in principle, should be made, as far as possible, on 
test-specimens made of the same concrete, and with the same size and 
distribution of the steel, as used in the structure, and conclusions drawn 
from the tests should be limited to the conditions of the test-specimens. | 

The Author, in his conclusions, had made a comparison of the caleu- 
lated stresses with those measured at the test-beams, ‘To ascertain the 
more or less divergent results of theory and measurement, certain assump- 
tions had to be made. In his report of the tests made at Southall in 1940 
the Author had referred to E,, the theoretical modulus of elasticity of 
concrete in bending-compression, which had to be determined from the 
measured deflexions. 

In the equation 6 = M/E,I, the deflexion § was measured, and the 
bending moment ¥ could be easily determined at any section of the beam 
for every load. The moment of inertia, J, of a reinforced-concrete cross- 


«*, This contribution was submitted in writing. 
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section was practically the same as for a homogeneous material, so long 
as no cracks resulted from loading. Up to the cracking-load the deflexions 
were extremely small, as was shown in Table III, but they increased after 
eracking. Moreover, in order to obtain exact measurements in field 
tests, the effect of the sun’s rays and of wind should not be neglected. The 
values of H,, as determined from the equation E, = M /8I, should therefore 
be used with care. 

After the formation of cracks, the value of I depended upon the 
position of the neutral axis of the cross-section, which moved as the load 
increased, and upon the value of the modular ratiom. That rendered it 
rather difficult to ascertain exact values of E, from the measured deflexions. 

Carefully-measured deflexions, however, enabled the appearance of 
the first cracks to be discovered ; in that respect Table II and the final 
conclusion of the Paper were instructive. The centre deflexions in the 
load-interval between the gauge-pressure of 390 and 640 Ib. per square 
inch had been measured as 0-2 inch and 0-42 inch respectively, whereas 
the measured deflexion at a gauge-pressure of 890 Ib. per square inch 
increased to 0-80 inch, or about twice as much as at the preceding interval. 
That indicated that cracking must have occurred during the second 
interval. The record of the tests stated, indeed, that the first cracks 
became visible at a gauge-pressure of 890 lb. per square inch. 

Accordingly, in the final conclusions, the ratio deflexion : span increased 
more rapidly during the phase when cracking occurred, and, naturally, 
more rapidly still in the phase near the breaking load. 

The Author, in reply, agreed with Mr. Peirson Frank that heat might 
be utilized for pre-stressing. Centuries ago a very moderate pre-stressing 
of vaults was obtained through the cooling of tie-rods heated previous to 
fixing. Lately, heat had been used for pre-stressing pressure-pipes by 
winding up heated hooping; but it was necessary to use special alloy 


_ steel, so as not to affect too much the quality of the steel as regards modulus, 


elongation, etc. The method was not applicable for pre-stressing with a 
final stress of, say, 50 tons per square inch, as with hard-drawn wire, for 
the following reason : in order to obtain such a final stress, an elongation 
of approximately 735 to z$q was necessary, to allow for deformation, 
shrinkage, and creep. That would require heating to about 900° F., a 
temperature which would affect considerably the quality of hard-drawn 
steel. 

Therefore, irrespective of the difficulties to be overcome for a suitable 
anchoring, heat pre-stressing was limited to low stresses, with consequent 
greater relative loss in the final stress. Moreover, it did not lend itself 
to accurate control, whereas the use of jacks enabled elongation and 
stress to be controlled at each stage, and, as described in the Paper, a safe 


combination of stretching and anchoring to be achieved. 


The question of the loss of pre-stress in course of time was certainly 


very important. The age of the 62-foot beam at test was 22-30 days. 
The average test-cube strength at 28 days was 5,600 Ib. per square inch. 
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The above-mentioned age did not allow of direct comparison with ordinary 
reinforced-concrete beams, as the Freyssinet process of vibrating, com- 
pressing, and heating resulted in a compressive strength for the concrete of 
about 3,000 Ib. per square inch, 6 hours, at most, after completion of each 
sectional element of about 6 feet length. . 

On the other hand, the 28-foot Southall test-beam was concreted in 
the ordinary way, without compression or heating ; it was 1 month old 
when tested. 

For the 62-foot beam the losses of elastic deformation, initial shrinkage 
(for 30 days), and first creep under load could be estimated from the 
data given in the Paper (62-foot beam). 

For the normal load P = 3,531 Ib.; M = 179-5 ton-feet. 

The theoretical stresses for an assumed decrease from fp = 78,000 lb. 
per square inch, to fo = 63,500 lb. per square inch were (see p. 101, ante) : 


fee = +1,645 Ib. per square inch ; f.; = +221 lb. per square inch. 
According to the measured strains, they would be : 
fes = +1,500 Ib. per square inch ; f,; = +420 Ib. per square inch. 


The formula on p. 97, ante, was based upon the assumption of linear dis- 
tribution of stresses, which was not in strict accordance with facts: 
consequently it was not far from the truth to state that there was practically 
no loss for fs. The figure for f,; corresponded to fs = 69,000 Ib. per 
square inch. Consequently, the first loss for normal load was of the 
order of 9,000 lb. per square inch. 

As regards the inclined principal stresses, a similar comparison indicated 
that the stress had fallen to fo = 71,000 lb. per square inch in direction 
15 and to fo = 61,500 in direction 16 (the result in the latter case being 
rather doubtful). 

The results after 32 days under the maximum test-load (for measurement) 
were stated on p. 107, ante. Their indications were less favourable than the 
reality, the modulus of elasticity in tension being unknown, and important 
tensile stresses being already developed under that maximum test-load. 

After all tests had been carried out up to the maximum load during 
32 days, the beam was maintained under two-thirds of the normal load, 
that was, under 577 lb. per foot-run, during 18 months. That load was 
selected because, under it, the compressive stresses in the upper and the 
lower flanges were approximately equal. Two exactly similar beams had 
been constructed and tested in parallel during the initial period; one 
beam was then tested until failure in a Research Institute, whilst the other 
was utilized for further observations during 18 months, including recording 
of the variations of atmospheric temperature, and control of the level of 
the supports. Thus that long-time creep test was carried out under the 
most exacting conditions. 

The first interesting point was that, very soon, the influence of the 
variations of atmospheric temperature obliterated that of the increment 


of shrinkage and creep. The second point was that the variation of the 
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modulus due to increase in shrinkage and creep at the end of the 18 months 
corresponded to a loss of 15,900 lb. per square inch, being only 20:4’ per 
cent. of the initial stress, whereas allowance had been made for a loss of 
21,000 Ib. per square inch, or 27 per cent. 

It was tolerably certain that shrinkage and creep after 20 months 
would hardly increase the 20-4-per-cent. ratio. 

Further convincing information concerning those presumable losses 
was supplied by tests of the high-pressure pipe referred to in M. Freyssinet’s 
lecture of March, 19361. That test-pipe had an internal diameter of 
17 inches and a thickness of 13 inch. It withstood an internal water- 
pressure of 1,300 Ib, per square inch before fissure-leakage started. In 
order to obtain that remarkable result, the concrete had been pre- 
compressed by hard-steel hooping embedded in the concrete up to: 


compression = tension = 1,300 Ib. per square inch x 42 inch. 
= approximately 11,000 lb. per inch-run. 

Consequently the compressive stress of the concrete was: 

11,000 
fo= 7.376 

It might be assumed that concrete of that high quality would withstand 
a tensile stress of about 500 Ib. per square inch before leakage, so that the 
minimum pre-compression must have been 7,500 Ib. per square inch. 

One of the pipes was retained for testing at the age of 12 months, when 
it was found that the first leakage occurred when the water-pressure 
attained 1,070 lb. per square inch, which meant a loss of slightly less than 
18 per cent. That was substantially of the same order of magnitude as 

‘the percentage of loss for the 62-foot beam; and it would be conceded 

_ readily that the creep under a pressure of about 7,500 lb. per square inch, 

maintained during a full year, was a maximum occurring only under severe 
test conditions, and was not likely to occur in actual practice. 

_The creep was a function not only of load and time, but also, and to 
an even greater extent, of the capillary constitution of the concrete?. . 
That explained the importance of the processes elaborated by M. Freyssinet 
for producing very high-grade concrete able to withstand, without injury, 
compression much higher than 7,500 lb. per square inch. 

Two identical beams were made at Southall at the same time, one of 
which was tested in May 1940, when 1 month old, whilst the other was 

kept in an open yard, unprotected against weather, to be tested when 
12 or 13 months old. The Author hoped to describe the results of those 
further tests in due course. 

In order to have an adequate margin against all losses, it was advisable 
to use very high-grade tensile steel, that was, hard-drawn wire. The 


= 8,000 Ib. per square inch. 


1 Loc. cit. See also T. J. Gueritte, “‘ A New Technique of Concrete Construc- 
tion”, Trans. Liverpool Engineering Society, vol. 58, 1937, p. 125. or 
2 EK. Freyssinet, ‘‘ Une Reévolution dans les techniques du beton.” Librairie de 


’Enseignement Technique. Paris, 1936. = 
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formulas for losses given by Dr. Mautner in the Appendix to the Paper 
0-75 
of July 1940, allowed generally for shrinkage and creep 1,000 and, for all 


losses together, from 25 to 30 per cent. of the preliminary stress; and, 
according to experience acquired during the past few years, that was 
decidedly on the safe side. It meant a decrease from the preliminary 
stress, fs, of 70 tons per square inch to about 50 tons per square inch. 
With that kind of steel (B.S.S. 300) it would be possible, in specially 
unfavourable cases, to design for a margin of 40 per cent., thus allowing © 
for shrinkage plus creep aaa or about five times the normal shrinkage 
after 28 days. That statement should allay the fears expressed by Dr. 
‘Faber. It had been made clear in the Paper that whereas, for the 62-foot 
beams constructed in 1936, the initial stress was only 78,000 lb. per square 
inch, the present practice was to pre-stress to about 154,000 lb. per square 
inch. Details of that beam were given so that the developments of pre- 
stressing could be followed from the early stages, and data registered ; but 
the question had to be considered under its present aspects. 

The Author doubted whether the factor of safety of the 62-foot beam, 
namely, 2°3 at failure, was so low as Dr. Faber thought. It should be 
remembered that the beam was an exact model of roof trusses of 183 feet 
span. A roof designed for the maximum load which it would ever be 
called upon to withstand might reasonably have a rather lower factor of 
safety than, for instance, a bridge; the 28-foot beam, which was an 
actual bridge-beam, failed at 2-92 times the calculated bending moment, 
which corresponded to 3-35 times the moment due to the superimposed 
load ; similarly, the beam of 16 feet 3 inches effective span described in 
the Paper of July 1940, which was an actual beam for heavy storage, 
failed at 2-95 times the calculated bending moment. 

The really important point appeared to be the intentional or accidental 
increase of the superimposed load. Considering a reinforced-concrete- 
girder for which the relation between the total bending moment, Mz, the 
moment due to the dead-weight, M py, and that due to the superimposed 
load, Mz, was : 


Mp => 0-4M pw +0-6M 57; | 
then, for a factor of safety of 2-5, i 
25M p =| ‘OM pw + 15M gy. 


_ With a pre-stressed girder, which had much smaller dead-weight, the 
relation might be 
Mp = 025M pw + 0-75M gy, ‘ 
and for the same factor of safety, namely, 2:5, 
25M = 0:625M pw + 1-875M gy. 


Therefore, the margin for the increase of superimposed load, for the same 
factor of safety, would be 25 per cent. higher. 
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The 62-foot beam carried, before failure, 13-5 times its deadweight. 
An ordinary reinforced-concrete beam for normal load carried usually 
2-65 times its deadweight, which was about double that of the equivalent 
pre-stressed beam. It would carry, with the same factor of safety, only 
2-3 X 2-65 = 6-1 times its deadweight. 

Safety against cracks was always greater for pre-stressed concrete, as 

_ all tensile stresses for normal load were eliminated, whilst those for higher 
loads were reduced considerably. In an ordinary reinforced-concrete 

_ beam with 2 per cent. of reinforcement, the tensile stress under normal 
load was 600 lb. per square inch, or more, whereas it was zero in a pre- 
stressed concrete beam. For instance, with the 28-foot beam, with a 
factor of safety 2-92 times the calculated bending moment, the well- 
defined cracks which had formed up to twice the calculated moment 
disappeared entirely when the load was removed, whilst under a test load 
equal to 2-85 times the bending moment, or almost under failure con- 
ditions, the non-elastic deflexion was only 24 per cent. of the total 
deflexion. 

A similar state of affairs was observed for the 16-foot-3-inch span beam 
(July 1940 Paper), which failed at 2-95 times the bending moment: up 
to the loading corresponding to 2:7 times the moment, all cracks dis- 
appeared when the load was removed. 

In an ordinary reinforced-concrete beam, so near failure, the wide 
cracks did not close on removal of the load. 

Dr. Faber, in his comment that at the start the stress in the concrete 
was 2,500 lb. per square inch and, consequently, exceeded that allowed by 
the Code of Practice for reinforced concrete, appeared to have failed to 
consider two points. The first was that pre-stressed concrete was, in 

essence, quite alien to reinforced concrete, and the Code of Practice was 
not applicable. The second was that, in any case, the Code dealt with 
- stresses under normal load, and not with stresses which might develop 
_ during construction. The 2,500 Ib. per square inch, or other high stresses 
_ developed under the initial pre-stressing, occurred during construction, 
and were reduced considerably when the member was subjected to 
loading. For instance, in the 62-foot beam, when the jacks were released, 
when the dead weight came into play, and the elastic deformation took 
place, the 2,500-lb.-per-square-inch initial compressive stress fell at once 
to something like 2,000 lb. per square inch. 
Moreover, that initial stage (without any superimposed load, shrinkage, 
or creep) constituted a complete test for each beam, as the compressive 
_ stress prevailing at that time would never recur under the action of the 
load. That ensured absolute safety. : 

The initial stress in that 62-foot beam could be exceptionally high, 

_ because it was a roof truss. Consequently the compressive stress set up 
_ in the lower flange by the pre-stressing would decrease very rapidly under 
' the action of the permanent superimposed load of the roof-slabs. 


; 
" 
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The stress under normal load was reduced to about 1,500 lb. per square 
inch, which was quite normal for vibrated and compressed concrete of 
that kind (1: 14 : 23 mix). 

Naturally the stress in the steel increased when the bending moment 
due to the load increased. But as there was considerable decrease of 
initial pre-stress due to shrinkage and creep, the subsequent increase due 
to load brought it up less than half-way toward the initial value in most 
cases. Thus, for the 28-foot beam the original pre-stress was 68-7 tons 
per square inch (see p. 108, ante), the calculated final stress, fs, without 
load was 518 tons per square inch, and the stress under normal load at 
midspan was 56-3 tons per square inch. 

For hard-drawn wire, the 0-1-per-cent. proof-stress (as no real yield- — 
point existed for such steel) lay between 85 and 90 per cent. of the breaking : 
stress, say, 85 tons per square inch, as mentioned on p. 108, ante ; but in © 
ascertaining the factor of safety, it had to be borne in mind that, for each 
increment of 100 per cent. of load, so long as the section was homogenous, 
the tests showed that there was an increase of only 4-5 tons per square 
inch for the steel stress. After fissuration due to considerable increase in 
loading, the lever arm for the steel increased slowly. 

The position as regards the factor of safety of the steel was, therefore, 
quite different from that obtaining in a steel structure, wherein the steel — 
stress increased almost proportionately with the total load; it differed 
also from that existing in a reinforced-concrete beam, wherein the increase 
of steel stress was far more rapid in the sections where the tensile zone 
was destroyed. 

That was one reason (among many others) why the recent proposals, i 
mentioned by Mr. Reynolds, to add unstretched steel and depart from the 
homogeneity of the section, would merely interfere with the advantages of — 
the Freyssinet process, as had been demonstrated by Dr. Mautner!. | 

The remarkable elasticity of the tested beams up to the immediate — 
approach to failure indicated plainly that the steel was not overstressed. 
This fact is evidenced also by Fig. 19. Immediately after rupture, both — 
halves of the beam at once cambered upwards, thus showing that pre-— 
compression was still acting. 

In considering questions of stresses, it might not be out of place to 
refer to the fact that, on the Continent, the admissible compressive stress 
of concrete was one-third of the strength of test-cubes at 28 days. The 
reasons for that were set out clearly by Dr. Mautner in 19362. The reason 
for admitting a higher compressive stress for pre-stressed beams than for 
reinforced-concrete beams was that the narrower limitation for reinforced 
concrete did not arise from the desire to secure for the concrete a factor 


1 “ Saving Reinforcement in Prestressing.” Concrete Constr. Engng., vol. 36 (1941), 
p- 73 ae 1941). 4 
“‘ The Elimination of Tension in Concrete, and the Use of High Tensile Steel b 
the Freyssinet Method.” Final Report of the 2nd ihaneaititke Tnteoteuscaie 
Association for Bridge and Structural Engineering. Berlin, 1989. 
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of safety more than twice as high as that for the steel, but to limit in- 
directly the stresses in the tension zone, and to avoid massing too much steel 
there. That reason disappeared for the homogeneous section of a pre-stressed 
member, where tensile stresses were excluded for both bending and shear. 

Although such higher permissible stress had been intentionally allowed 
on the Continent, applications in Great Britain were designed for a 
maximum compressive stress of 1,250 lb. per square inch, to which no 
objection should be taken fora 1:14: 24 mix. 

The economy realized by pre-stressed concrete was not due, as sug- 
gested by Dr. Faber, to the adoption of higher stresses for concrete, 
namely, 2,500 lb. per square inch. As had been previously explained, 
the concrete stress under normal load for the 62-foot beam was not 
2,500 Ib. per square inch, but only 1,500 lb. per square inch, as measured 
in the tests. The economy was due to the fact that the materials were 
utilized better, as was shown by the simplified example illustrated in 


Figs. 29. 
=5 J, = 950 Ib. J, = 950 Ib. 
; : per square inch. per square inch. 


J,= 8 tons 
per square inch. 


Figs. 29. Comparing two beams of the same scantling, b x d, with equal 
: fe (950 lb. per square inch), one in reinforced concrete, and the other in. 
pre-stressed concrete: for the reinforced-concrete beam, the bending 
moment which could be withstood was : 
“445d 
1= Ne — = x 0:854d = 181d?, 
whilst for the pre-stressed concrete beam it was : 


5 OX 4 ogeTd = 317d? 


Consequently, with equal compressive stress the bending moment 
which the pre-stressed beam might withstand was 75 per cent. greater. 

Naturally, in practice, the saving in steel was not all profit. Experience 

indicated that the cost of stretched and fixed hard-drawn steel was about 

| 2-5 times that of mild steel, but the section of steel required was only 

one-sixth of that for normal steel. That left a margin in favour of pre- 

a stressed design, to which had to be added that resulting from the saving 


ee 
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in concrete ; the latter was important, and led to a further saving from 
the point of view of the supports and of the foundations. Recent applica- 
tions had proved decidedly the economy of pre-stressed concrete in suitable — 
cases. Obviously, there was no need to resort to it in many cases. 

For a member under compression by wires invariably fixed at the ends — 
of the member and highly stretched, no danger of buckling existed: the 
slightest deviation from the axis would cause a corresponding deviation 
of the wires or cables, which would give rise immediately to a stabilizing 
counteraction on the part of the stretched wires. 

For the top flange, the provision of the slab and transverse members 
of the complete structure guarded against danger in that respect, and for — 
the tests guiding stiffeners were provided. ; 

It was true that the steel reinforcement was set out in the lower flange 
much more closely than was usual in reinforced-concrete construction. — 
That was permissible for pre-stressed concrete owing to the intense 
vibration, compression, and heating resorted to for the construction of 


Figs. 30. 


REINFORCED CONCRETE. PRE-STRESSED CONCRETE 


the 62-foot beam, as described in the Paper of July 1940. No voids were 
discovered during the thorough examination following the tests. 

It should be remembered that the use of hard-drawn wire, as at present 
used, stretched to about 154,000 lb. per square inch, instead of 78,000 lb. — 
per square inch, as for the 62-foot beam of 1936, increased appreciably 
the space between the wires. As regards the applications in situ, with 
cables, the question did not arise at all. In considering that point, it 
should also be remembered that for prestressed concrete the question of 
adhesion between concrete and steel, as it presented itself for reinforced 
concrete, did not exist, because, for the homogeneous section there was only 
an almost negligible shear force acting on the steel, as illustrated in Figs. 30. 

No special tests had been made of the 64-foot beam composed of 
thirteen precast elements, mentioned by Mr. Chettoe, as the principle 
of a beam made of small elements had already been tested on the beam 
described in the March 1938 Paper, which was built in separate consecutive — 
elements of about 5 feet each—the length of the mould. Each section — 
hardened completely in a few hours (by the vibration—compression-heating 
process devised by M. Freyssinet) before the next element was cast. The | 
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same method was used for the construction of the bridge girders of 108 feet 
span described in the July 1940 Paper, and gave full satisfaction. 
The pre-stressing of the shorter bars of the 62-foot beam was described 
in the July 1940 Paper (pp. 15-16). 
_ With regard to the angle of the anchor blocks and of curved cables, it 
was true that the angular change of direction of the wires should be taken 
into account for assessing the degree of pre-stressing ; that factor had to 
be considered also in estimating the anchoring force. Experienced 
designers knew that the angle had to be much sharper than had been 
deemed sufficient and that the decrease of the cable force had to be 
ealculated. Very valuable information, in that respect, had been obtained 
in connexion with the construction of a 32,000-ton press made of pre- 
‘stressed concrete in France; the question was there of paramount 
Importance. 
About 25 years ago the Author had been inclined to share Mr. Andrews’ 
Views in regard to the advantage offered by high-tensile steel for rein- 


Fig. 31. 
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forced concrete; but whilst excessive cracking might not be dangerous 
inside ordinary buildings, it became dangerous in factories, reservoirs, 
bunkers, river and sea work, etc.; and eventually the Author came to 
the conclusion that high-tensile steel was not advisable, without pre- 
stressing. Comparative tests of beams with non-stretched high-tensile 
steel had been carried out frequently, and reference to the voluminous 
report of the International Association for Bridge and Structural Engi- 
ieering would appear to settle the question. ' 
_ The formula for the tension in the steel after elastic deformation, fo, 
iven by Dr. Smith, was quite correct on the assumption that the total 
eformation Al; of the lower fibre corresponded to the final stress of the 


- 


tel (Fig. 31). : 
_ Dr. Mauntner’s formula calculated the total deformation of the lower 
bre under the preliminary stress, the stress falling gradually from fp. 
Is during the shortening. The difference of the results, being a sum 
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of differences of the second order, was very small. For instance, for the 

98-foot beam, Dr. Smith’s formula gave Fi. = 0-872fsp’, whereas Dr. : 
Mautner’s gave feo = 0°853fsp. The difference was only 1-9 per cent., 
Dr. Mautner’s result being rather on the safe side. ' 

From the numerous tests of welds made in connexion with the con- 
struction of.the 62-foot test-beams, it appeared that the welds were very — 
sound. That point, however, was now devoid of importance, because the 
use of hard-drawn wire of great length, as employed for pre-stressed work, 
rendered welding unnecessary. } 

Unreasonable prejudice retarded progress. A good deal had been — 
directed against reinforced concrete about 45 years ago, but was eventually — 
overcome. Doubtless similar prejudice would apply to pre-stressed 
concrete owing to its use of hard-drawn wire: but, with regard to bond, 
far from being disadvantageous, high-tensile steel was a boon because, 
owing to the small diameter of the wires, and their swelling during the 
initial shrinkage and creep, the adhesion was so great that special anchoring- 
hooks were unnecessary, as had been explained in the July 1940 Paper. 

Mr. Cuerel was correct in saying that pre-stressed concrete appeared 
to be particularly adapted to the construction of structures of great span, 
such as bridges. In fact, owing to its great lightness, as exemplified in a 
comparison of the section of the 62-foot beam, with that of a steel beam, — 
it permitted, for instance, the construction of beams of far longer span 
than was practicable with reinforced concrete. 

The method advocated by Mr. Cuerel for utilizing medium-high-tensile, 
instead of very-high-tensile steel, and stretching in two stages, the second — 
stage taking place after de-centering, appeared to be similar to that 
already tried on the Continent. In the case of a bridge of about 200 feet 
span, the medium-hard-steel bars were to be re-pulled after some creep — 
and shrinkage had taken place. An important plant of jacks, which were 
to remain permanently in the structure, were provided: but it happened 
that the internal friction had become so great that the re-pulling could 
not be effected properly, and the body of the bridge could not be raised ; 
the serious sagging which had taken place could not be reduced, and 
that caused considerable trouble and expense. It is not correct to 
assume that creep would be greatly diminished when the dead load came 
into play, because the concrete in the pre-stressed zone in the middle 
section was not heavily compressed. It made very little difference to 
the further creep whether it was due to compressive stress of the concrete 
of the top or of the bottom part. ; 

Dr. Probst’s comments on the question of cracking were interesting. 
The early attempts at pre-stressing referred to by him were probably 
those made by Lund and Koenen, and others, which failed, as previously 
explained, because the low tensile stresses adopted disappeared entirely in 
course of time. The suggestion that research-tests should be made on 
full-size specimens conformed with M. Freyssinet’s own views, within 
practical possibilities. 
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ORDINARY MEETING. 


18 March, 1941. 
Sir LEOPOLD HALLIDAY SAVILE, K.C.B., President, in the Chair. 


The President referred to the death of Mr. Charles George Du Cane, 


and it was accordingly resolved :— 


That the members present at this Ordinary Meeting record the deep 
regret with which they have learned of the death of Mr. Charles George Du 
Cane, O.B.E., B.A., who had been a Member of the Council since 1938 ; 

_and that an expression of their sincere sympathy be conveyed to the 


members of his family. 


The Council reported that they had recently transferred to the class of 


Members. 


Cyriz, Outver Boysz, B.Sc. 


(Lond.). 


chester). 


And had admitted as 


(Eng.) 


Ronatp James Cornisu, M.Sc. (Man- 


Eric Louis KE.tina. 
Tuomas Ancaus LyrLtt Parton, B.Sc. 
(Eng.) (Lond.). 


Students. 


NorMAN FREDERICK ADNITT. 
Witi1am pv Bourpiev BEst. 
STANISLAUS FRANCIS BRAGANZA. 
Tom WaLForD Brown. 
Urpan THomson Burston. 
RoBeErRt JAMES HARVEY CADWALLADER. 
ARTHUR JOHN CARMICHAEL. 
Rosert BERNARD CHANDLER. 
Witiiam Gray DEWBERY. 
Grorce ALBERT Farrow. 
GrorGE STEWART GLENDINNING. 
Denis Rosert DE ConrncKk Goon. 
WILLIAM STANLEY GREEN. 
WaLTER WitLiaAmM Hunt. 
Grorrrey Linpiey, B.Sc. (Leeds). 


Rosert WesLtEY Stuart MrrcHey, 
B.Se. (Eng.) (Lond.). 

KENNETH JOHN STEPHEN NICHOLLS. 

ALWYNE PowELL. 

Owen Patrick RATTENBURY. 

Denys RAayBouLD RUSSELL. 

THOMAS GRAHAM SANDEMAN. 

ALBERT YAMEN SHASHA. 

Donatp IAN SrErrs. 

GEOFFREY CHARLES SUGGATE, 
(Eng.) (Lond.). 

GoRDON WARD. 

JOHN ARNOLD WARD. 

JoHN THomas Evan WIxiAMs, B.Sc. 
(Eng.) (Lond.). 

PretEer OTto WoLr. 


B.Se. 


The Scrutineers reported that the following had been duly elected as 
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Member. 
James Ropert Brarp, M.Sc. (Manchester). 
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Associate Members. 


Kennetu Derek Dawson, B.Sc. (Man- 

* chester). 

JoHn Coxtiins Dickson, B.A. (Cantab.) 
(Stud. Inst. C.E.). 

ALEXANDER Durr, Stud. Inst. C.E. 

Grorce ALBERT GEPFERT, Stud. Inst. 
C.E. 

ALEXANDER GRAY, B.Sc. (Durham), Stud. 
Inst. C.E. 

GoprrEy KrnnairpD HasELDEN, B.Sc. 
(Eng.) (Zond.), Stud. Inst. C.E. 

-Rosert Morrat Hoop, Stud. Inst. C.E. 


The following two Papers were submitted for discussion, and, on the 
motion of the President, the thanks of The Institution were accorded to the 


Author. 


ELECTIONS. — 


BrucE LANCELOT FortEscuE HUBBARD, 
M.C., B.Sc. (Eng.) (Lond.), Stud. Inst. 
C.E 

TREVOR Vincent Martin, B.Sc. (Eng.) 
(Lond.). 

Witrrmw Joun Muts. 

SrepHEN Lxronarp MITCHELL, 
Inst. C.E. 

ALEX WESTLEY SKEMPTON, M.Sc. (Eng.) © 
(Lond.), Stud. Inst. C.E. 

MicHaEL JOHN TOMLINSON, a Inst. 
C.E. 

WALTER W1LLIAM WATSON. 


Stud. 
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‘* Aesthetics of Engineering Structures.” + 
By Oscar Faper, O.B.E., D.C.L., D.Sc., M. Inst. CE. 
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INTRODUCTION. 


ENGINEERING embraces a field so vast and wide —“‘the art of directing the 
great sources of power in Nature for the use and convenience of man ”— 
that it may almost be said to include many professions—railway, dock, 
electrical, and mechanical engineering, drainage, heating, water-supply, 
bridges, structures, and many others. Most of these have little concern 
with anything other than applied science, and are outside the scope of 
this Paper, in which the word “ engineering ”’ will be used in the limited 
sense of structural engineering, that branch which concerns itself with 
the planning, design, and building of engineering structures, 
- Some of the considerations referred to later also apply in a limited 
sense to some machines, such as motor cars, locomotives, ships, etc., 
which may well be sources of human pleasure if the designer is able to 
_add the quality of beauty to that of efficiency. 
No attempt will be made to define engineering structures, for reasons 
which appear later. Structures may perhaps be considered as divided 
into three groups—those pre-eminently within the engineer’s sphere at 
“one end, those pre-eminently within the architect’s at the other, and a 
large intermediate group between the two which lies ep sae) within 
the scope of both professions. . 
This Paper applies to the first and the last of these groups. Most of 
‘the matters referred to apply also to the second group, but architects 


es i Correspondence on this" Paper can be accepted until the 15th August, 1941, and 
i will be published in the Institution Journal for ‘October 1941.—Szc. Inst. C.E. 
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understand these matters well and the group of structures with which they 
are pre-eminently fitted to deal are no concern of the engineer, except in 
so far as he may be fortunate to have the opportunity to admire them, 
and sometimes to be honoured by being allowed to collaborate, under the 
architect’s general control, in the capacity of engineering specialist on 
such matters as foundations, structure, heating, ventilation, water-supply, 
electrical installation, etc. More will be said about collaboration later. 

It will be appreciated that the subject is far too large for compre- 
hensive treatment in a Paper like this, and all that can be attempted is 
to skim over the surface sufficiently to indicate the kind of things that 
are meant in speaking of beauty as applied to structures. 

It has been well said that “ a thing of beauty is a joy for ever.” Many 
engineering structures necessarily stand so prominently on the landscape 
owing to their size and position that it is very important that they should 
be a joy for ever. Many engineers have been fully alive to this, but some 
of the younger members of the profession do not sufficiently appreciate 
how heavy a responsibility they will bear in regard to this aspect of their 
professional work. 

Nor can those responsible for the drawing up of curricula for the 
education of engineers escape responsibility for this, as the subject has 


been consistently neglected .in engineering colleges and universities to- 
- such an extent that not only have the students received no guidance in 


fitting them to deal with these problems, but also they have not even 
had their attention drawn to the fact that such a problem exists or that 
it concerns them. This must be the Author’s apology for this Paper. 

_ _ Yet as to its importance, it is perhaps only necessary to say that the 
public has been educated to demand satisfactory aesthetic qualities in its 
more prominent structures, and rightly so. 


Engineers must conform to the reasonable demand that our cities 


shall be built with considerations of beauty and harmony, and that 
engineering structures, forming as they do, important elements in our 
civilization, must conform to the same requirements and be things of 
beauty. 

Certain it is that if engineers were to lose a proper appreciation of this 
essential requirement of their work, or if the younger members of the 
profession should be brought up in ignorance of it, the public would remove 
_ from the control of such engineers the design of important engineering 
structures. 

In the earliest civilizations, engineering as well as architectural 
structures were purely utilitarian, with no choice or selection ; hence, in 
particular, there could be no aesthetic choice. 

Thus the earliest bridges undoubtedly consisted of trees dragged across 
a river. The only requirement that they had to serve was their primary 
utilitarian purpose of enabling persons to cross from one side to the other. 

At a later date such bridges were found to be insufficiently permanent, 
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and the stone lintel and later, in pre-Roman times, the stone arch, were 
evolved, thus fulfilling a second requirement, namely, that of reasonable 
permanence. 

Later still, as skill and knowledge increased, it became not so much a 
question whether a satisfactory stone arch could be constructed, as which 
of several designs would be the best. Other things being equal, that 
which would cost the least was to be preferred. 

Cost is a measure of the quantity of materials and labour required to 
produce a structure : but in the case of a stone bridge the item of materials 
is really mostly labour, ‘since only labour has to be expended on the stone 
to make it suitable. Consequently a bridge of lower cost means‘a bridge 
which will absorb a smaller number of man-hours in its construction, and 
so leave a larger number available for other useful human activities; but 
economy must not be carried to extremes, so as to exclude good workman- 
ship and materials, or lead to the sacrifice of other desirable qualities in 
the structure. 

So far only three requirements have been considered, namely, function, 
permanence, and economy. 

‘In uncivilized periods (and these must be considered as extending 
right up to the present day, with civilized periods arising as oases out of a 
desert of uncivilization), these three requirements represent the only 
demands which are made on an engineering structure, and they also 
satisfy all commercial demands. If a bridge, for example, be strong, 
permanent, and cheap, it satisfies the three requirements and in the normal 
commercial sense would be considered satisfactory. 

The education provided by most engineering colleges is directed solely 
to enabling a student in his design to fulfil these three requirements. 

Problems of the strength and elasticity of materials, soil mechanics, 


_ the resistance of materials to physical and chemical changes, fatigue, etc., 


give a student the basis from which he can make calculations of strength, 


 deflexion, permanence, and economy. A thorough knowledge of these 


problems is an essential equipment to an engineer, but is not a sufficient 
equipment. It does not enable him to deal with the fourth requirement 
of every satisfactory engineering structure, namely, that it shall be 
aesthetically satisfactory ; yet unless this condition be fulfilled also, no 


engineering structure should be acceptable to a civilized community, and 


it therefore needs attention from both the student and the professional 
- engineer. 


In all civilized periods of history it has been appreciated that structures 
exert an important influence upon humanity, tending to nobility and joy 
in life if they are noble and beautiful, and to meanness and misery in the 
alternative event. It means something to live in a noble city, and a noble 


city is both the product of noble minds and the environment most 


oe. 
opt 


_ congenial to their formation. 


So long ago as the seventeenth century, Sir Henry Wootton wrote 
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that good building has the qualities of “ commodity, firmness, and deligh oa 
By “commodity ” he no doubt meant convenience or aptitude for its 
purpose, by “firmness” strength, and probably the appearance — of 
strength, and by “ delight,” all those things which go to make a building 
a thing of beauty. 

It is perhaps worthy of mention that strength, and the appearance of 
strength, are two quite different things. The first is a useful thing, the 
second an aesthetic quality. A structure may have the former without 
the latter, or vice versa. 

It may, as do some great shops, embody an’ enormous stone super- 
structure which is carried through the ground floor on a hidden steel 
pillar, so that the building appears to rest on a sheet of glass, thus providing 
the maximum window-area for display. Such a structure is strong, but 
does not give the appearance of strength. 

Another structure may be a steel frame building with thin panel walls. 
The latter do not carry the weight, but they may look as if they do. So 
that if a stanchion fails, the structure will collapse. Such a structure 
may look strong without being strong. : 

For modern usage, Sir Henry Wootton’s delightful phrase may seem 
a little too condensed and ambiguous. 


EssENTIAL REQUIREMENTS FOR ENGINEERING STRUCTURES. 


The Author proposes to postulate the following essential requirements 
for an engineering structure. It must— 


1. Fulfil all its functional requirements. 
2. Be sufficiently permanent. _ 

3. Be reasonably economical. 

4, Give aesthetic satisfaction. 


Sir Henry Wootton’s “ commodity ” and “ firmness ”’ are contained in 
the first, and his “‘ delight ” in the last. 

Expanding these a little for clearness, we may say :—’ 

1. (Functional.) . The structures must fulfil their primary utilitarian 
purpose, that is to say, possess adequately all such qualities as strength, 
stability, good planning, and the other requirements needed to fit them 
for “ the use and convenience of man.” Thus a bridge must carry the 
loads for which it is designed without excessive deflexion, sway, or vibra- 
tion. A warehouse must be conveniently planned for the delivery, © 
handling, and unloading of the goods which it is to store, with a sufficiency 
of protection against the weather, adequate light, warmth, and ventilation, 
etc. its 

_ 2, (Permanence.) The structures shall be made reasonably permanent 
having due regard to the purposes for which they are built. What con- 
stitutes reasonable permanence must have regard to questions of obsoles- 
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cence and changes in requirements due to changes in civilization and 
methods of living. 
Old Waterloo bridge, with a life of approximately 100 years, was not 
_ 80 permanent as was desirable, since although the superstructure was 
_ made of extremely permanent materials, the design of the foundations 
was not entirely satisfactory in this respect. 

It may not be a bad thing that certain domestic dwellings will last only 
50 years or’so, as requirements may change during that period. On the 

_ other hand, great public buildings like the Bank of England should, and 
probably will, last 500 years or more, os of course, that they escape 
the savagery of war. 

3. (Economy.) Structures must be reasonably economical. We do 
not want to expend twice as many man- -hours on a structure as will actually 
suffice to produce one which is in all other respects equally satisfactory. 
Kconomy is achieved by adopting the most suitable structural shapes and 
materials, and by limiting the weights and sections to those which will 
carry the resultant loads and stresses with an adequate, but not an exces- 
sive, factor of safety. It must not be carried to extremes, so as to oust the 

_ other necessary qualities, such as reasonable permanence, beauty, and the 
; a of function. 

4, (Aesthetics.) No engineering structure can be considered to be 
satisfactory unless its aesthetic qualities are pleasing, so that it may be 
said to enhance the amenities of the district in which it stands, and become 
an object of pride and admiration to those who dwell in its vicinity. Just 
as the designer of an engineering structure has to make a choice of forms 
and sections based on utilitarian considerations of stress and economy, so 
he is called upon to make aesthetic choice between one design and another. 

~ Generally speaking, there are many designs which would satisfy a given 
problem, for example, the bridging of a river. It may be effected by a 
single span of steel arch, from which the roadway is suspended, as: the 
_ Sydney Harbour bridge, by several reinforced-concrete arches of great span, 
or by many stone arches of lesser span which may involve more piers in 
the river and more interference with river traffic. a 
_ It may be that in a particular case a great steel badge’ is the cheapest, 
thus satisfying the requirement of economy more completely than any 
other construction, and clearly it can be made to satisfy all the require- 
ments of function and permanence as well. Unless, however, it can also 
satisfy the fourth requirement and be aesthetically satisfactory in its 
particular surroundings, it cannot be considered a satisfactory solution of 
the problem. Thus a selection or choice has to be made between many 
alternative designs, and frequently aesthetic considerations will determine 
_ the design to be adopted. 
| It is interesting to note, in passing, that there is one case where no 
‘choice, and therefore no aesthetic choice is possible. If it is desired to 
ee a structure of the greatest practicable dimensions, either in span, 
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height, or otherwise, then the forms and sections which give the greatest 
strength for the least weight must be adopted, and there is only one design 
which satisfies this requirement, and therefore no choice. 

‘Supposing, for example, that it became necessary to design a bridge of 
10,000 feet span, or whatever happened to be at a given time the maximum 
possible dimensions which known materials and known methods of con- 
struction enabled to be spanned. It would obviously be impossible in 
such circumstances to consider the use of reinforced-concrete or stone 
construction, and the question whether it should be of steel arch, suspen- 
sion, or girder type would have to be determined from one consideration, 
and one consideration only, namely, strength and lightness. All the 
details and proportions would also need to be subordinated to the elimina- 
tion of every ounce of unnecessary material. In such circumstances no 
aesthetic choice would remain, and everything but strength and lightness 
would have to go. The result might be beautiful, but there would be no 
aesthetic choice. 

But as the spans become smaller the number of alternatives becomes 
greater, so that for a bridge of 300 feet span, for example, there is almost 
an infinity of different solutions possible, and on any important site in a 
self-respecting community, one of the primary requirements in selecting 
the best design will undoubtedly be the consideration of which bridge will 
add most to the amenities of its surroundings and become “ a joy for ever.” 

The word “ aesthetic” is derived from a Greek word implying per- 
ception, that which is seen. It has to do with the appearance of things 
rather than with their reality, with the appearance of strength rather than 
with actual strength, and has by usage come to mean particularly those 
things perceived or seen which have or lead to the quality of beauty. 

There are many kinds of beauty. For example, there is the particular 
kind of beauty which depends on beautiful lines, colour, composition, or 
something which appeals merely through the eye. There are other kinds 
of beauty which bring in other qualities. Thus it is understandable that 
in talking about the beauty of mathematics something is meant which is 
akin to neatness and economy of expression, or the conciseness of argument 
with which one truth has been demonstrated from another. 

There may be other forms of beauty, some of which, at any rate, have 
some relation to ethical things. 

Ruskin’s writings are pervaded with an insistence upon such qualities 
as honesty to an extent which almost renders it difficult to follow his 
arguments to their logical conclusion without arriving at absurdities. 


AESTHETICS. 


In this Paper it is proposed to use the word “ aesthetic” in its widest 
sense, so as to include all forms of beauty. These will principally relate 
to those qualities which are conveyed through the eye and make an 
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immediate appeal, but are not to be taken to exclude qualities which give 
intellectual satisfaction arising from properties which may not be quite so 
immediately perceived. 

For a structure to give aesthetic satisfaction it should be satisfactory in 


Harmony ; 
Composition ; 
Character ; 
Interest. 


It will be found that these, in turn, depend on a very large number of 
other things that will appear from the following treatment, which it is 
unnecessary to elaborate until later. 

A very large number of these are themselves inter-related, and the 
four main qualities previously referred to may, and frequently do, embrace 
consideration of many of these. 

No one of these qualities is in itself either sufficient or essential, but 
the more of them that can be embodied in a structure the more satisfactory 
will the result be. 


Harmony. 


As in music, a structure must have harmony. Harmony is that which 
gives the effect of restfulness, in contradistinction to dissonance. 

As in music, a skilfully-designed dissonance may, however, be a highly 
desirable quality, provided it be resolved into an ultimate harmony. 
Thus, some structures may excite interest by their daring or arresting 
quality. This may, on closer investigation, prove to be merely vulgar, 
in which case it will, of course, be unworthy : but it may arise from a bold’ 
design, symbolizing man the engineer’s conquest over nature, in which 
case it may greatly add interest to an otherwise too restful and un- 


_ interesting landscape. 


The Author has purposely used the term “ designed dissonance ”’ to 
distinguish it from a dissonance resulting from carelessness or lack of 
executive ability, which can never be pleasing, either in music or in 
building. Yet in building that is the commonest kind. 

Harmony may relate to the various portions of a structure, but may also 
telate to the relationship of the structure to its surroundings. It frequently 
happens that a structure consists of many component parts. These should 
normally be treated with a similarity in proportion or detail so as to pro- 
duce the effect that they are part of a unified whole and have a family 
relationship. One would not, for example, normally use pointed arches 
and semicircular arches in the same structure, or in different portions of it, 
unless there wete_good reason for doing so. 

- Harmony with the surroundings may depend upon many properties, 
such as scale, colour, proportion, and detail. 


= 
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_. One of the great virtues of old Waterloo bridge was that it harmonized. 


extremely well with Somerset House and did not clash with any of the 
more important structures in its vicinity, whereas a great steel bridge like 
that. at Newcastle-on-Tyne, whilst quite satisfactory in itself, would have 
been quite inappropriate, as it would have overshadowed all the existing 
structures and have introduced a completely new and discordant scale. 

The problem of harmony is rendered more difficult when the structures 
in a particular vicinity are not in harmony among themselves, and then 
considerable judgment has to be exercised as to how the problem is to be 
resolved. reat 

Frequently it is best in such cases to harmonize with the best of what 
is existing, but not necessarily without giving some consideration to the 
remainder. Such a case occurred, for example, in the design of South 

Africa House in Trafalgar Square, London, where the National Gallery 
and the Sun Insurance Office introduced two very different types of 
structure; and Sir Herbert Baker was probably influenced more in 
harmonizing with the former than with the latter. : od 

Another problem that arises is that other structures with which 
harmony is effected to-day may themselves not last so long as the new 
structure. The scale of the surroundings may itself be in process of 
' changing, and, as a rule, is likely to increase. 

_ Some structures, again, are necessarily so outstanding that they create 
their own scale. St. Albans abbey, for example, could hardly be con- 
sidered as in harmony with any of its surroundings, since it is so out- 
standing as to create a scale and a harmony which dominates everything 
which was there before it ; and this will frequently be the case. 

-» Therefore it obviously depends on the importance and dignity of what 
is already included in the amenities of a district, how far a new structure 
need be concerned with harmonizing them. ebay 

The new Waterloo bridge will harmonize not only with the best of its 
surroundings, but also with other pleasing bridges across the river, whereas 
Charing Cross railway bridge unfortunately failed to do either. The latter 
probably fulfils all its scientific and strictly utilitarian purposes extremely 
well, but nobody has suggested that it is beautiful, and one of the chief 
reasons for this probably lies in its lack of harmony with its surroundings. 

It has been said earlier in this Paper that a structure should harmonize 
in colour, as well as in other things, with its surroundings. It may, 
however, suitably in some cases, have various colours in itself. Thus, two 
long wings at either end of a structure may be built in brick with a central 
block which is given more importance and dignity by being: built, for 
example, in portland stone, or a structure may have vertical concrete piérs 
with intervening wall panels filled in with brick-work, and portions will; 
in any case, require to be painted, such as doors and windows: © It.is 
important to see that all these colours harmonize with one-another,. which 
does not, of course, prevent them from being entirely different. .. As 
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a rule, the colours of large masses should be restrained to something light 
and neutral like the colour of stone, whilst interest is often enhanced by 
having small objects in bright colours, which, however, must harmonize 
with the Ee mionerlones 


CoMPOSITION. 


Composition really needs a study in itself, and the student must be 
referred to a bibliography which deals with this important subject (see, 
for eens, Howard Robertson’s “ Principles of Architectural Com- 
position ”’). 

For a composition to be entirely satisfactory it should, asa rule, 
have balance, that is, the centre of gravity of the masses should usually 
lie near the centre. This does not mean that a structure must be com- 
pletely symmetrical about the centre-line, though this, of course, Se 
perfect balance and frequently provides a suitable solution. 

The essentials of the problem, however, frequently require the two cae 
to be treated somewhat differently. Thus, in a bridge the road-levels or 
the conditions at one end may differ from those at the other. Ina building 
there may be at one end a hall requiring long fenestrations, whilst the 
other end consists of offices of several floors where, clearly, the fenestration 
would have to be divided accordingly. In either of these cases perfect 
symmetry would force the structure out of the forms dictated by the 
requirements of the case. Nevertheless’a proper balance of the masses 
can-still be effected so as to provide a restful composition. 
». If a composition is very badly out of balance it usually produces the 
effect..of restlessness. So also does what has been termed * ‘ unresolved 
duality.” b egltte Estioi' 

If two ficatical houses are built side by side and touching one another, 
each symmetrical and complete in itself, the eye tends to look at one and 

then at the other and is subjected to indecision as to where it should rest. 
The result is unsatisfying and. discordant, like an unresolved a in 
music. ; ez 

. The same: phiaeiple applies to a bridge. Two exactly equal spans with 
a Peet! pier are seldom satisfying and the same clash of interest between _ 
the two spans arises. If, however, one of the two buildings or one of the 
two spans is much larger or more important than the other, this dissonance 
tends to disappear, as the eye would naturally rest on oe more errant 
one and treat the other as an appendage. 

‘For these reasons it is usually found that a composition sate fice. 
ne or some other odd number of masses or spans, is more satisfying: than 
one having an even number. Thus a building having two long wings ne 
one central feature has three masses and is generally restful. 

_ A bridge of three or five spans is usually much more satisfactory . ee 

-one‘of two or four, and if the spans increase slightly towards the centre 
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where the height is usually slightly greater, the curves of the arches will 
be more similar and therefore in better harmony, and the eye will be led 
towards the central feature, resulting in a still further feeling of restfulness. 

It will be noticed that all the better bridges across the Thames, in- 
cluding the new Waterloo bridge, have five spans, and that the old Waterloo 
bridge had nine, whilst the Tower bridge has a central opening span with 
fixed spans on either side. 

It will be found that this principle of balance and absence of unresolved 
duality is observed in a great many structures deemed satisfactory 
aesthetically by general consent. 

Composition also concerns itself with beauty of line, but this is too 
complex a subject for this Paper. 

Straight lines give a sense of positiveness and decision, whilst curved 
or wavy lines, as a rule, produce a negative or softening effect. 

As in other walks of life, a virtue is frequently a mean between two 
extremes; an excess of decision may tend to severity, and an excess of 
curved or wavy lines to flabbiness. 

Frequently it will be found that the main lines should be straight, 
strong and decisive, whilst the inclusion of curves, if only in subordinate 
features, may soften any excessive austerity with advantage. 

In engineering structures directness of expression is generally more to 
be desired than the opposite or negative virtue. 

Balance of masses also, as a rule, involves balance of tone or balance of 

colour. Thus the composition would be out of balance, even when the 
balance of masses was exactly symmetrical, if, for example, one side were 
dark and the other light in tone. There is no objection to combination 
of colours or even a texture made up of widely variegated colours, pro- 
vided only that something almost equivalent to a centre of gravity of tones 
can be maintained in a reasonably central position. 

Certain simple shapes are generally more satisfying than complicated 
ones. Thus the circle, ellipse, catenary, and parabola are usually more 
satisfactory in composition than is an arbitrary curve of the designer’s own 
invention, and are in particular more restful than a curve with inflexions 
in it, as the latter gives an effect of indecision, and the point where the two 
inflexions meet produces a feeling of weakness. 

The rectangle is usually a very satisfying form and is preferable to a 
square. There is something akin to unresolved duality in the square. 
The eye seems to require to be told whether the treatment in a particular 
case is vertical or horizontal. , 

In the case of a rectangle this problem is settled immediately, whereas 
in the case of the square, the eye is left wandering in indecision in attempt- 
ing to decide whether to give more emphasis to the horizontal or to the 

- vertical lines. 
A structure having two long side wings with a central mass is frequently 
divided in this way into three separate rectangles, and as a rule it will be 
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found more satisfying if these rectangles have a more or less equal ratio 
of long sides to short. The two outer wings may have their long sides 
horizontal whilst the central mass is vertical, in which case there is fre- 
quently a pleasing contrast in horizontal treatment of the ends and the 
vertical treatment of the centre. Thus the eye will be left in no doubt, 
and the effect will to that extent be restful. 

The essential lines of most extremely satisfactory structures are 
generally found to be based on combinations of well-known simple shapes, 
such as prisms, spheres, cones, or cylinders. As a rule it is more satis- 
factory to confine the design to combinations of simple forms like these, 
and not weaken it by unusual curves and shapes of the designer's own 
invention. 


CHARACTER. 


To those who have acquired an aesthetic sense it will be found that 
most structures give an impression of character in a manner not unlike 
that which is associated with human beings. Thus a building with a 
cornice of excessive weight and overhang may give the impression of a 
person frowning, whilst a cottage having a sloping roof with inadequate 
overhang at the eaves may give an effect of meanness, rather like a man 
with a “ bowler ” hat from which the rim has become detached. 

Large plain surfaces, unadorned and bounded by simple lines, give an 
effect of directness and cleanliness. If carried to excess the result may be 
austere. The opposite is excesstve elaboration and over-loading of 
ornament which has characterized certain structures in the rococo style. 

Generally, as already stated, a virtue lies between two extremes, and 
a pleasing result is one in which ornament has not been excluded but has 
been carefully restricted and subordinated to the general design; this 
applies especially in engineering structures. Such ornament as is decided 


on can generally be used by a skilful person to give the structure some 


special significance, when, for example, it embodies local heraldic devices 
or something symbolic of the structure or the tradition or history of the 
place; and even frescoes with historical allusions may be satisfactory, 
provided that they are restrained, subordinated to the general design, and 


_ harmonious in their treatment. 


Every structure should have the appearance of strength and stability, 
which is not at all the same as requiring that it be strong and stable. 
It may be assumed that every structure which stands has strength and 
stability, but it may, nevertheless, fail to present the effect of strength 
and stability. é 

- Additional sense of stability is frequently given by a structure which 
diminishes in width as it ascends. This reduction in width may be effected 
gradually by curves, as in the case of the Eiffel Tower, by battered walls, 
as in the case of Adelaide House (immediately north of London bridge), — 
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or by a series of set-backs, as adopted on the Cenotaph 1 in Whitehall — 


on many well-known structures. 

Set-backs in the upper portion of a structure, even when comparatively 
small, add considerably to the sense of stability. They also tend to give 
the effect of one rectangle growing, as it were, out of another one below it, 
and produce a feeling of upward aspiration which corresponds to something 
in.man’s own make-up which, in a different sense, is also we ye in an 
upward direction. 

In the same way many Gothic cathedrals produce this definite 1 impires- 
sion. of aspiring to heaven. This feeling is prominently given by the 
Cenotaph, but is also shared by many compositions for structures. ok 
utilitarian purpose. 

Although a structure must have the appearance of adequate steenyel 
and stability, it should not have this effect carried to extremes, or the 
result may be clumsiness. Thus, if in a bridge the main carrying members 
are wide or heavy in proportion to the loads and spans, this effect of 
elumsiness may well be produced: yet it may have nothing to do — 
the actual factor of safety. 

A steel catenary not designed for bending will inevitably give a peer 
sense of lightness and grace, whereas a catenary of reinforced concrete 
designed also to act as a stiffening girder would produce a feeling of — 
ness. 

The virtue which lies between two extremes is generally to be édand 
between the appearance of excessive strength or stability on the one hand 
and the appearance of fragility on the ether ; but the exact mean between 
two extreme qualities is not necessarily the only position for virtue. This 
would be to eliminate a great deal of character from structures. One 
structure may excite admiration because of the grace and lightness of its 
construction, whilst another may arouse interest by its appearance of 
dignity and strength; and both may be legitimate in their mpeeneer 
place. 

The entrance gateway to Euston station is perhaps a eal example of 
a structure deliberately designed to present the appearance of strength 
and stability in an almost excessive degree, whilst the new bridge across 
the Golden Gate, San Francisco, by the lightness of its catenaries and 
suspensions in relation to its great span, gives such an effect of grace, 
directness, simplicity, and economy of material as to find in theas its 
essential character and appeal. 

_ «The character of a structure can be influenced peeves by many - 

of the factors referred to under the heading of “‘ Composition,” and in the 
hands of a skilful designer a structure can, within limits, be given the 
character most appropriate to any given case. 

' The new Bank of England is an example of idl Bibs inodesty of 
iréatment which expresses and is consistent with the traditional policy of 
_ the bank, which is the opposite of self-assertion. This effect has been 
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obtained by setting the main structure well back behind the old existing 
Soane walls, so that many of those who use the City every day will hardly 
have been conscious of any change, by adopting a modest and almost 
domestic scale for some of the fenestration and detail, and by the absence 
‘of a strong vertical rhythm which may be seen to give the opposite quality 
of self-assertion in some of the other important banks in the immediate 


neighbourhood. : 
. » Ifa structure is so nondescript that it gives no effect of character it 


will not be permanently satisfying. The finest structures are usually so 


characteristic that. a thumb-nail sketch giving only a view of the most 


essential lines enables another person to recognize them. 
Structures often reflect the character of their time and civilization, 


‘being dignified and beautiful when the life of the period was lived with 


dignity and there was time to appreciate beautiful things, and being mean 
in an age of sordid money-grubbing. In this way the history of the world 
can frequently be read quite clearly from an examination of the buildings 


‘which remain, and at no time has this been more true than: the present, 


when many structures of considerable ugliness reflect the somewhat ugly 


times through which we are passing. 


INTEREST. 


For a structure to be entirely pleasing it should have the quality: of 


charm. If the late Sir James M. Barrie was unable to define exactly 
‘what was meant by charm, it is unlikely that we can either, but all know 


it to be an extremely desirable quality, and some of the factors which: go 
to. produce it are also known. ing 

_.. Before anything can give the impression of charm it must, at any rate, 
excite interest; and to do this it must be expressive of something. A 


- great.mass of material which does not excite interest by giving expression 
to something quite definite can never be a thing of beauty, and one would 


automatically turn away instead of allowing the eye to linger lovingl 
upon it. 
Interest may be aroused by one or other of many things. Some struc- 
turespowe their interest to the expression of some things and some to 
others, and there is no need for any one of these to be considered sufficient 


or essential. Some of the things which may give interest to a structure 


would include the following : Bah cies 
(a) The expression of function. A structure is more satisfying in this 
respect if it shows quite clearly in its form the purpose for which it was 


designed. Engineers are frequently more fortunate than architects, in 


that their structures frequently satisfy this requirement more easily ; but 
it is not always so, and occasionally engineers, not appreciating the satis- 
faction which the intellect acquires by seeing the purpose behind a 
structure, have mutilated their designs in the supposed interests of other 
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aesthetic qualities, such as by clothing them with some extraneous covering 
and by the deliberate suppression of interesting functional adjuncts, until 
the result has become meaningless. 

A good cathedral will never be mistaken for a successful town hall, a 
theatre, or an hotel, and interest, both in the structure and in the city 
which it adorns, is enhanced by this expression of purpose. 

It is therefore tragic to see a pumping-station deliberately disguised 
as an ecclesiastical structure with pseudo-Gothic and other details borrowed 
from an ancient style. | 

There are, unfortunately, many examples of structures which have 
been treated in this way, and it must be assumed that the designer was 
suffering under the influence of the fallacy that beauty is something which 
is:specially connected with ecclesiastical structures, so that if it were 
desired in a particular case to produce a beautiful structure, recourse must 
be made to a copy of the ecclesiastical design. 

The expression of function in a structure can be accentuated in a variety 
of legitimate ways. The fenestration to a large and tall concourse should 
be by tall windows running through the height of the storey and having a 
dignity commensurate with that of the space which they light. An equal 
degree of light could actually be given by a large number of small windows 
spread uniformly over the wall-surface in various tiers, one above the 
other. These would inevitably suggest that the space behind was divided 
into floors, and would hide the true function of the building. 

Occasionally some portions of a building are used for bulk storage and 
others for. working spaces, so that windows are appropriate to the latter 
and their absence to the former. This helps to give expression to the 
functions of both parts of the building. Yet sometimes a designer has put 
mock windows into the portions intended for bulk storage, or has sup- 
pressed the desirable windows in those portions intended for working 
spaces, whereby the functions of the different portions of the structure 
have been hidden. 

It should, perhaps, be stressed that this has generally been done in 
seeking, consciously or otherwise, to satisfy some aesthetic requirement, 
such as that of balance or symmetry, and it will frequently be found that 
there is conflict of this kind. The designer’s skill is necessary in resolving 
such conflict in the most harmonious manner. Probably it woul ve 
been possible to secure good balance without destroying the expression of 

function. 

The same thing is found in machines. The “ Rocket ” was a wonderful 
machine, designed to achieve speed ; but its lines were hardly such as to 
suggest speed, and would have been more satisfactory aesthetically if they 
had been. Some modern streamlined locomotives achieve an expression 


of this function in a higher degree, and excite greater admiration by doing 


so. 
Similarly the great speed of an ocean liner is appropriately suggested 
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by short streamlined raking funnels, in comparison with the tall and more 

' vertical funnels of a tramp steamer. The difference in air-resistance of a 
funnel, whether it be vertical or slightly raking, is probably extremely 
small; but the raking funnel produces the effect that the wind-pressure 
on it caused by the motion of the ship has been sufficient to bend it back 
and ‘so emphasizes the speed which must have produced this effect. 

A warehouse should not, in general, have its cranes or other lifting 
devices and methods for handling goods deliberately hidden because they 
are ugly things, since it will then be much more difficult to express the 
function of the building. Rather should these useful adjuncts be placed 
in such a way as to have some pleasant relationship to the building in 

- point of composition and design, and they should be treated so as to be in 

themselves beautiful and in relation to the structure. 

Once look upon a thing as ugly and it will be so. Accept it as useful 
and worthy to be seen, and the exercise of aesthetic choice and skill upon 
it will help to ensure its beauty. 

The restrained use of symbolic ornament sometimes helps, in capable 
hands, to express a special function in a structure, whereby it may be seen 
that an important building was designed for a special purpose. This is 

_ accentuated, for example, by the ornamentation on India House, Aldwych, 
where the Star of India, the embodiment of Indian animals, the shields of 
Indian provinces, and the use of details taken from Indian tradition, 
express quite clearly the association of the structure with the office of the 
High Commissioner for India. 

In old Regent Street this quality was lacking. All the shops were 
identical, in spite of their different purposes. Nevertheless the result was 
pleasing because though the buildings did not excite interest in this par- 
ticular respect, they did excite interest in an equally important respect, 

_ namely, in the remarkable harmony with which every building was sub- 

- ordinated to the design and unity of the street as a whole, in fact, to civic 
as opposed to individual harmony. 

This exemplifies what has been said before, that no one of the qualities 
described is either essential or sufficient, but they are all desirable, and the © 
structure will be beautiful in proportion as it possesses them in greater or 
less measure. 

(b) The expression of construction. There was a time when the import- 
ance of this was deemed so great by a school of architects that they would 
almost have considered it necessary and sufficient to ensure the beauty of 

’ astructure. This view has long been argued out, examined, and exploded. 

_ The effect which the appearance of a structure produces upon the 

_ mind has no direct connexion with the question whether it expresses its 

construction or not. There is, however, a secondary intellectual satis- 

- faction that is obtained from seeing how the structure works, and this is 

one legitimate method of exciting interest. Like other methods, it is 


desirable but not essential. 
11 
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A steel-frame building clothed so entirely in brickwork that it is im- 
possible to say whether it be a frame building or not does, in a sense, not — 
express its construction. 

On the other hand, certain buildings which expose reinforced-concrete 
piers in the outer walls with light brick panels between them, examples of 
the design of which are given in an accompanying Paper, do so. It would 
be impossible to condemn the former or to say that the latter must be 
satisfactory aesthetically because the latter do and the former do not 
express their construction. 

Nevertheless, it is legitimate to say that if, other things being equal, the 
construction can be expressed consistently with the other requirements of 
harmony and composition, then something has been added which may 
legitimately hold an observer’s interest. 

The flying buttress, an ingenious method of transferring a horizontal 
thrust from a roof structure to the ground, is a good example of something 
which expresses its construction ; and to the trained eye, the way in which 
the weights are disposed so as to bring this thrust to the ground, provides 
an intellectual pleasure and attracts interest, quite apart from the beauty 
of detail and ornament with which flying buttresses were frequently 
executed. 

The Golden Gate bridge makes a direct appeal by the simplicity with 
which it expresses its construction, and in this respect is more satisfactory 
aesthetically than the Forth bridge, where the greater complication of the 
design renders this appeal less direct. 

(c) Rhythm. There are many other things which may help to retain 
interest. Among these is rhythm. 

As in music, interest is frequently aroused and maintained by a definite 
rhythm, even though it be only something equivalent to the sound of a 
tom-tom so prevalent in modern music. Yet the opening pages of “‘ Das 
Rheingold ” are an example of an effect produced almost without rhythm. 

A similar effect occurs in structures. As a rule a structure is more 
interesting if large plain wall surfaces are broken up by piers or otherwise 
so as to produce a definite effect of punctuation, or division into bars, or 
rhythm. This rhythm is more legitimately produced, perhaps, if these 
punctuations correspond to something functional or constructional in the 
structure. 

Thus a silo building may legitimately have the position of the dividing 
walls forming the internal bins indicated on the outside by vertical piers, 
which certainly suggest rhythm. A frame building may legitimately have 
the vertical pillars indicated on the front so as to produce rhythm in the 
same way. The mere alternation of pier and window produces rhythm, 
especially when the windows are long, either vertically or horizontally. 

Rhythm may also be produced horizontally by projecting balconies 
running all round the building at various levels, by different textures for 
different heights, or by the use of long horizontal windows with the inter- 
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vening piers eliminated by cantilevering the walls out from internal piers, 
or rendered inconspicuous by suitable colour, treatment, or otherwise. 
Whether vertical or horizontal rhythm is to be preferred will depend 
on the circumstances of each individual case, but as a rule there ig some- 
thing very satisfactory, especially to engineers, in the way in which 
_ vertical piers fulfil their essential function of carrying the loads directly 

to their foundations, whilst the sub-division of buildings into horizontal 
_ slabs separated by large panes of glass, on which the upper storeys appear 
_ to rest, is frequently not satisfying to an engineer. 

The flying buttresses, previously referred to, added rhythm to the 
cathedrals in which they were incorporated, as indeed do buttresses of any 

_ kind spaced at more or less regular intervals. 

The buildings of the ancient religious orders were, of course, well- 
known examples of structures punctuated by rhythm, and the beauty of 
detail with which this rhythm was executed may-obscure the extent to 
which they depended upon it for their essential satisfaction. 

: To realize this one has only to reconstruct one of the ancient temples 
- in the form of a model consisting of the essential shapes entirely unadorned, 
devoid of detail, ornament, entasis, etc., to discover that whilst, of course, 

_ something has been lost, yet the essential satisfaction remains. 

(d) Texture and colour. A large plain surface may be an essential com- 

_ ponent of a piece of good composition, provided that the general design 
requires it and that it be suitably relieved. This, however, is not to say 
that its appearance will not be enhanced if it possess satisfactory texture. 
Thus, the general effect of a portland stone wall may be that, although it 
be flat and unadorned, yet the slight differences in colour or tone between 
adjacent stones add interest. 

: The appearance of shells or of other structural shapes, when viewed 
more closely, also adds interesting texture. 

A rough surface makes for a more interesting play of light and shade 
than a smooth one. In the same way, the alternation of bricks and joints 
_ in brickwork, as well as the alternation of stretchers and headers, and the 
_ variegations of colour in bricks, variously burnt, carefully built into the 
work with a regular irregularity, produce an effect of texture and add 
charm in comparison with the use of a material in which there is no 
_ differentiation of colour or structure. 

4 The effect of texture in brickwork is enhanced when the joints are made 
wide and generous and are not reduced to the thinnest joints which a man 
_ ean produce with trouble, which are frequently demanded by engineers. 
A plain concrete surface usually gives an unsatisfactory texture unless 
special care has been taken to produce the contrary effect. : 
The concrete is usually cast in moulds, and if the design of the latter 
is left haphazard the mould-marks may be extremely unsatisfying and 
may give the effect of lack of care or affection in the construction of a 


building. | 
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A foreman may, for reasons of economy or carelessness, use boards 
horizontally in one place and vertically in another, in a way which will 
probably not be pleasing. One solution is to obliterate all the board-marks, 
or to cover the surface with some other material, such as plaster or brick- — 
work, so as to eliminate these defects. This solution, though frequently 
adopted, is, as a rule, very unsatisfactory. 

Often a better solution is to make a feature of the board-marks, and to 
arrange them in a way that will give texture and rhythm. This may be 
done, for example, by the use of reeded shutters in which vertical mouldings 
at close centres produce a definite texture not unlike that obtained when 
stone is chiselled to give a reeded surface. 

Alternatively, horizontal boards carefully placed and arranged, for 
example, as weatherboarding, may sub-divide the surface into well- 
marked horizontal lines throwing suitable shadows, which will produce a 
horizontal textural treatment appropriate and pleasing in certain cases. 

Interest can also be retained by colour. For example, a new building 
presents an effect of great cleanliness when it is first exposed from its 
scaffolding. If the colours are blatant or lacking in harmony with them- 
selves or with their surroundings, the building may, indeed, excite interest, 
but only in a manner which would lead to its condemnation. 

What is appropriate in colours will depend on the purpose of the struc- 
ture. As a rule something more arresting and challenging might be 
appropriate to a modern exhibition of a temporary character than to a 
structure which is intended to endure for several generations. 

(e) The silhouette. One of the most important things in a beautiful city 
is the silhouettes presented by the more important and interesting build- 
ings, and the designer of a beautiful structure should not neglect careful 
consideration of its silhouette. 

The silhouette cannot, of course, be divorced from the other features 
of the design, but something can legitimately be done in a restrained 
manner to make it more interesting. 

The legitimate use of set-backs, the use of delicately treated towers, 
and even housings for utilitarian things like tanks, lift machinery, elevator 
heads, etc., often present a convenient opportunity for enhancing the 
interest of a silhouette, provided that these structures be frankly treated 
as opportunities for such a purpose, and not smothered or hidden. 

On the other hand, the silhouette presented in some cities by a meaning- 
less confusion of chimney-pots can lead to nothing but ugliness, although 
the same purposes could be achieved by a careful aesthetic treatment of 
smoke-flues, 

A pleasing silhouette has frequently been ruined by a last-minute 
discovery that hand-railings, tanks, ventilating plants, etc., have not been 
provided for and have to be added in visible positions on the roof. Hence 


foresight and provision for all such requirements in the original design are 
an essential. 
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APPLICATION TO DsEsIGN. 


It may be of interest to exemplify the building up of a design having 
some of these qualities in mind. : 

As an example, a grain-silo building consists of many tall vertical bins 
designed to contain grain. The grain-pressure on the sides varies directly 
with the diameter or lateral dimension of the bin, so that by making the 
bins smaller not only the span of the walls, but also the pressure, is reduced. 

For this reason it is, as a rule, not economic to make the bins too large ; 

_ and in a particular case, a size of 13 feet 6 inches was found to be con- 
venient, having regard also to the client’s desire to keep separate ship- 
ments apart. 

Grain is normally introduced into such bins by elevators at one end 
discharging on to conveyors near the top, which deliver into each bin, 
whilst the outgoing grain is discharged from hopper mouths at the bottom 
on to other conveyors. 

All the purely functional requirements could be met by the design 
illustrated in Fig. 1. This can very well contain the bulk storage, the top 
conveyor floor, which can be lighted from above, the bottom conveyor 

“floor, which can have electric light, and a small projection at the top to © 
house the elevator heads, lift machinery, etc. 

There is no need for the partition walls to show at all on the outside 
walls, and the contractors might claim that their problems of construction 

_and shuttering would be slightly simplified if the wall were kept plain. 

Here then is a design which satisfies all functional requirements ; and 
provided that the constructional members are properly designed for their 
appropriate pressures, weights, and stresses, it may satisfy all construc- 
tional requirements also. It is, perhaps, a perfect example of honesty of 
construction and suitability for its purpose. 

Aesthetically, however, it is entirely unsatisfactory in every con- 

- ceivable respect. It fails to express either its function or its construction, 
or indeed anything whatever, and therefore fails to excite interest. It is 
_ lacking in rhythm, and its silhouette is very unsatisfactory. It cannot be 
- said to have any character unless it be the character of a small sugar-box 
sitting on a large one. In composition it offends in every way, being bad 
in proportion and balance; and so far as harmony is concerned, it 
obviously has neither self-contained harmony, nor harmony with its 
_ surroundings, unless the latter are extremely unfortunate. 

The first thing that could legitimately be done would be to vary the 

proportions somewhat so as to make them more pleasing. Instead of 
having, perhaps, ten 13-foot 6-inch bins in each direction, so as to produce 
a structure approximately square in both plan and elevation, the plan 
could be re-arranged so as to give a width of, say, five bins, totalling about 
70 feet, and a length of twenty bins, say, 270 feet. 
Both the side and the end elevation, instead of being squares, will now 
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be rectangles (see Fig. 2) of more pleasing proportion, the side elevation 
being 270 feet long and approximately 140 feet high, whilst the end eleva- 
tion would be 140 feet high and 70 feet wide, the ratio of long to short 
sides being roughly the same in both cases, but arranged horizontally in 
one elevation and vertically in the other. 

The dividing bin-walls are now indicated externally by piers at 13-foot 
6-inch centres, and the structure is given rhythm and character by the 
emphasis of the vertical treatment. It begins to indicate its function and 
its construction, and consequently to retain interest a little. 

In Fig. 3 these matters have been taken a stage farther: Fig. 4 is a 
photograph of the completed building. 

The function has been further indicated by suitable fenestration of the 
top and bottom conveyor-floors and of the receiving house at one end, so 
that the portions where work is done are consciously separated from the 
places reserved for bulk storage. It may well be that the top floor could 
be as well lighted from the roof in a manner hidden from the side, but its 
interest is enhanced by this fenestration. 

A separation of the top floor from the grain storage is further enhanced 
by the set-back at the top of the bins and a change in treatment by stopping 
’ the projecting piers at this level, whilst the verticality of the treatment is 
maintained in the windows to the lower conveyor-floor, which reproduce 
in miniature the same proportions of the bins, and thus accentuate internal 
harmony. 

The sense of strength and stability is enhanced by a series of legitimate 
set-backs, whereby the upper portion of the structure is made to look 
lighter than the lower and the silhouette is increased in interest. 

The end elevation of five bays has no unresolved duality ; and in the 
case of the long side elevation there are too many bays for the problem to 
arise. 

In the composition the tower at one end fails to achieve perfect balance ; 
but in this particular design that’ does not appear to mar the result, and 
any tendency for the right-hand end to look too heavy and to produce 
the feeling that it might settle and lean towards the right in consequence, 
is neutralized by the conveyor bridge which spans across to the mill and 
although in fact quite unable to do so, gives the appearance that it could, 
if need be, give lateral support to the end of the silo building. 

The circular windows in the upper storey of the silo building do some- 
thing to break the austerity of the treatment, otherwise depending on 
straight lines alone, and add something of grace. 

The Author has given only a very simple example, merely to illustrate 
a few applications of matters referred to in the Paper. No doubt more 
beautiful solutions designed by others could be cited. 
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FALLACIES. 


In connexion with the aesthetics of structures there are perhaps three 

_ fallacies which are encountered more frequently than others, and which 
it may be of interest to mention. 

(a) The first of these underlay a remark made by a student of The 
Institution after the Author had ventured, in the course of a discussion 
on engineering education, to suggest that the education of engineers 
might with advantage include some attention to considerations of beauty 
and aesthetic treatment. 

The student’s comment, by which the Author was suitably crushed, 

_ was that engineers might well leave the consideration of cathedrals and 
things of that kind to architects. 

There is, of course, no doubt that they would gladly do so, but the 
fallacy and a confusion of thought lie in the tacit assumption that beauty 
is something especially appropriate, or appertaining, to cathedrals and 
ecclesiastical structures, and has no particular place in other structures of 
more utilitarian purpose. 

Theidea that some structures deserve aesthetic consideration and others 
do not has nothing to justify it and everything to condemn it. 

Anything worth doing is worth doing well, and this is particularly 
so in the case of a structure likely to be reasonably permanent whilst 
occupying so prominent a position or being so considerable in magnitude 
that it must inevitably thrust itself upon the attention of the public. 
Indeed it would, perhaps, be fair to say that the need for beauty is enhanced 
by size and prominence. 

The immediate effect of thinking that beauty is appropriate to some 
structures and uncalled for in others is to ensure its absence in these 

others. Yet in fact there is just as much reason for a gas-holder-tank, 
a cooling tower, or a power-station to be given aesthetic treatment and care 

as any other kind of structure, and there is not the slightest reason why 
they should not be so treated. es . 

_ It would, in fact, make a very interesting study to design a gasworks 
which should be a thing of beauty, and the Author can imagine few 
problems that would excite his interest more. 

_ If every structure were treated so as to secure a beautiful result many 
advantages would accrue. The structure could then be put into its most 
convenient position, where from other considerations it really ought to be, 
without having to remember that if it be one of the essentially ugly 
structures it has to be hidden in a slummy portion of a city and forgotten. 
That is the kind of thing which usually happens to gasworks and generating- 
stations. But a generating-station ought to be on the banks of a river, 

so as to facilitate transport of coal and ensure easy access to water for 

condensers, etc. The riverside, however, is generally one of the most 

“important sights in a big city, as the vistas provided by the free expanse 
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of water ensure that such structures will be more prominent than they are 
in relatively narrow streets. 

Treat these structures as worthy members of society, insist on their 
being beautiful, and see that they are so, and there will then be no need to 
give them any but the positions which use and convenience demand as 
most suitable. 

(b) The second fallacy is occasionally heard from young engineers, 
and may, perhaps, be expressed in the statement that if a structure is 
honestly designed to satisfy all its scientific or engineering requirements, 
the result will of necessity be beautiful. This is probably a perfect 
example of “ wishful thinking,” and engineers would be happy indeed if 
the satisfactory solution of the scientific problems, which they so well 
understand, ensured an equally satisfactory solution of the aesthetic 
problems, which some of them, at any rate, do not. 

If the proposition were true, there would be nothing in such con- 
siderations as harmony, composition, and most of the other factors 
discussed in this Paper, because it is easy to show that they have nothing 
whatever to do with the correct solution of scientific problems. 

It may indeed happen that the satisfactory solution of an engineering 
problem on purely scientific lines produces a design which is thoroughly 
satisfactory aesthetically ; but in that case the designer has indeed been 
fortunate, and the student is warned that it would be very risky to depend © 
on such good fortune. 

Innumerable instances could be cited wherein perfectly satisfactory 
designs from a scientific point of view have given very unsatisfactory 
results when considered aesthetically ; the Charing Cross railway-bridge 
is, perhaps, sufficient without further elaboration of this argument. 

(c) A third fallacy is that honesty of construction and the frank 
expression of construction are necessary, and sufficient in themselves. 
There was, indeed, at one time a school of architecture which attempted 
to establish a satisfactory basis for good design on some such foundation. 

The Author, in the foregoing treatment of the subject, has endeavoured 
to show what place he thinks this question of honesty and frank expression 
of construction should hold in aesthetic considerations, and to express his 
view that, other things being equal, it may well legitimately add to 
interest in the structure. This is good so far as it goes, but it is only one 
of many legitimate ways in which interest may be held, and like many 
other qualities, is bought at too high a price if other important con- 
siderations have to be sacrificed for it. on 

Some of the problems arising out of this question of honesty of con- 
struction are extremely difficult, and the older one gets the less one may 
dare to be dogmatic about them. Certain ideas—probably arising out 
of the writings of a few people with outstanding personality—have been 
too lightly accepted as containing the whole truth, and will not stand up 
to a rigid examination, 
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It has been pointed out, for example, that St. Paul’s Cathedral has two 
separate domes, outer and inner, and that the outer one is not a real dome, 
seeing that it is made of timber, covered with copper, and carried by an 
intervening cone of brickwork by a cribbage of timber. We are reminded, 
perhaps, that domes were made originally out of stone blocks by crafts- 
men with a skilful technique, and that it is wrong to produce something 
which looks like a stone dome, but in fact is not, whilst it is particularly 
unfortunate when the false dome is carried by something other than 
itself, which it has been found necessary to hide. On close examination 
it is doubtful whether either of these objections can be sustained. 

The Author sees no reason whatever why modern builders and designers 
should be under any obligation to confine the domical form to domes of 
stone construction just because their ancestors had the misfortune to be 
unable to construct them in any other way, since they had at their disposal 
only small blocks of material which could not be jointed in such a manner 
as to give tensile strength, and had to limit the forms to such constructions 
as could be made stable by compression across the joints alone. 

If present-day builders, having the advantages of other forms of 
construction, such as reinforced concrete, can produce these desirable 
aesthetic shapes more cheaply and with greater lightness in other ways, 
they would appear to the Author to be absolutely entitled to do so. 

Nor must it be too lightly assumed that there was any deception 
whatever in having an outer and an inner dome, with an intervening | 
carrying cone of brickwork. 5 

Itis almost certain that Sir Christopher Wren found that the proportions 
he required for his external dome, to give dignity and scale to his structure, 
were entirely different from the proportions which he required for his 
inner dome, which, of course had to harmonize with the interior of the 
cathedral. 

He never held out any suggestion that the inner and the outer domes 
were one and the same thing, and if someone else assumed that, and then 
found it was wrong, the more unfortunate he. 

The brick cone is an extremely satisfactory and permanent con- 
structional device, and we know of no obligation upon Sir Christopher Wren 
to say exactly how his outer dome was carried. If this were not legitimate, 
it is difficult to see where one’s condemnation would have to stop. 
Presumably no roof supported by trusses which are not apparent from the 
‘outside would be permissible ; and no frame buildings in which the frames 
do not show could be satisfactory. 

It is doubtful whether the mere casing of constructional steelwork 
in concrete would not have to be regarded askance, as it then becomes 
impossible to say whether the concrete casing contains steelwork or merely 
some reinforcing-rods. The clothing of a structure in brick or stone 
would -always be objectionable, and there would appear to be no limit 
to the number of crimes which would have been invented for designers. 
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The Author has expressed the opinion that where a structure can express 
its construction without sacrifice of other important qualities this is good 
in so far as it provides an additional interest. But it may have adequate 
interest aroused by other considerations, whilst, on the other hand, an 
expression of its construction may detract from other more important 
qualities in the aesthetic design. 

One can proceed from this position by gradual stages to another where 
deliberate deception ‘is approached, but the point at which this becomes 
objectionable is too difficult a matter to be discussed in this Paper. 

Thus, a house of brickwork may attempt to acquire the character of a 
Tudor house by having painted boards attached to its outer surface 
whereby the appearance of half-timbering is suggested. As a rule, the 
boards are thin and are merely applied to the surface, so that when they 
warp and bend under the action of exposure to sun and rain the fraud 
becomes evident; moreover they leave a crack between them and the 
brickwork which serves as a shelter for earwigs. 

This is generally regarded as unsatisfactory, and this dissatisfaction 
can be sustained, because the result savours of meanness and of a fraud 
which has been discovered. 

One is then possibly entitled to ask whether the result would have been 
different if the fraud had been so perfectly contrived that it was not 
discovered, which seems to have something in common with the idea that 
fraud is less objectionable if it be not discovered. 

It would be interesting to hear how the exponents of the theory that, 
for a structure to be aesthetically pleasing, it is necessary that it shall 
honestly express its construction, would assess the merits of the new 
Waterloo bridge. 

In the Author’s opinion this structure will be eminently pleasing 
aesthetically and entirely satisfactory from the purely scientific and 
engineering point of view. Yet what is quite certain is that the outward 
appearance of the bridge fails to give any indication of the true construction 
which is hidden inside. 

To all outward appearances the bridge appears to consist of five arches 
resting on four river piers of adequately massive construction. But in 
fact, the arches are not arches at all, since any arching action has been 
deliberately eliminated by the careful provision of expansion joints which 
prevent any horizontal thrust from being exerted. The arches are in fact 
continuous girders and not arches at all. : 

The central span is a suspended span in which the normal engineering 
requirements of maximum bending moment at mid-span would perhaps 
have demanded that the depth should be greatest at mid-span if it is to be 
varied at all, whilst in fact the soffit follows the line of the arches and the 
span is therefore of minimum thickness at mid-span. Moreover, the 
expansion joints are hidden and not visible from the outside. : 

The stone piers, which appear to be of massive construction, carry- 
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ing the arches, are in reality neither massive nor do they carry the 
~ arches, 

The arches are, in fact, carried by flexible walls in the centre of each 
pier, only 27 inches in thickness, with the object of giving flexibility to 
the supports, whereby the stresses can be more accurately determined even 
under conditions of settlement, unequal loading, and other conditions. 

What appear at first to be the carrying piers are, in fact, thin casings of 
reinforced concrete faced with granite, which serve the useful purpose of 
protecting the thin carrying-walls, previously referred to, from the impact 

_. of ships, but are prevented from assisting in carrying the arches by the 
provision of a space between them. 

It will be clearly understood that the Author does not presume to 
criticize the bridge either as an engineering construction or as to its 
aesthetic qualities. 

In regard to the former, it is probably true to say that the design is so 
contrived as to make the stresses more determinate under any conceivable 
conditions of loading, settlement, and temperature-variation than would 

_ have been the case if the arches had been arches in the real sense of the 
word, and if they had been supported by the solid piers by which they 
appear to be supported. 

Similarly, the Author has no doubt that the public will acclaim the 
bridge as a thing of beauty, and indeed the eminence of the architect 
responsible for this portion of the design is a sufficient guarantee of this. 

Here, then, is an example of a structure which hides its real construction 
behind its appearance, and if the result is to be deemed satisfactory, then 
the case for insisting on true expression of construction in a structure 
before it may be deemed aesthetically satisfactory has obviously dis- 
appeared. 

It is perhaps legitimate to inquire whether it would not have been 
possible to find a satisfactory aesthetic treatment without suppressing the 

“interesting construction of the bridge, and whether some additional 
interest and satisfaction would not have been achieved if the interesting 
construction could in some manner have been revealed in the outward 
appearance of the bridge. 


ArsTHETIC DESIGN. 


It may be that some engineering students to whom their colleges have 
denied any training in aesthetic design (or even the knowledge that there 
is such a problem and that it concerns them vitally) may ask what they 
can do to remedy this disability. 

“The Author would suggest that the following may be found helpful. 

(a) Accept the fact, that there is such a problem, that it is vitally 
important, and that it concerns engineers. — 

(b) Read such excellent books as Howard Robertson’s “ Principles of 
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if 
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Architectural Composition” and Trystan Edwards’ “ The Things which 
are Seen.* ” 

(c) Remember, before a structure is perpetrated (or perpetuated), 
that it lasts so long that the responsibility of inflicting it on posterity is so 
great that the designer must, at least, be sure that he knows what it will 
look like in relation to its surroundings, and that it is the best he can do. 
This will generally involve the preparation of several designs and a critical 
study of them all. As a rule, time is needed to ensure good judgment. — 
What is usually helpful is to prepare careful water-colour drawings to 
scale and in perspective, including part of the structure’s surroundings, ~ 
hang them up for critical inspection for several days (at least), and invite 
one’s more-tasteful and experienced friends to criticize. 

(d) Acquire the habit of observation and appreciation of beautiful 
structures and of making an analysis as to why they are satisfactory (or 
otherwise). 

(e) Learn water-colour sketching, and practise it as a hobby. Nothing 
fixes a thing so well in the mind as having made a careful sketch of it, 
and nothing so helps in designing a structure with some aesthetic 
pretensions. 

(f) Always work up a design from a very small scale (preferably the 
size of a postcard) upwards, and néver start on a large scale. 

What can be expressed on the small-scale drawing will be the essentials 
which will give character (if any) to the design and not be lost in a maze 
of detail when elaborated. 

It is certain that if a structure like Liverpool Cathedral can be recog- 
nized in all its essentials from a drawing of picture-postcard size (as it can), 
then the essentials of other structures can be expressed on sheets of 
similar size. 

(g) Do not hesitate to re-design a structure twenty times if you are 
not sure that it is good. As in other walks of life, practice makes perfect. 
Study, read, listen, and practise ; but do not build until you have had some 
years of designing under good guidance. 


AESTHETICS OF ENGINEERING. 


Good engineers have always known that engineering structures, like . 
all others, cannot be considered wholly satisfactory unless they are 
beautiful as well as having the practical qualities of fitness for their 
purpose, strength and stability, and economy in the use of the materials 
and labour required for their construction. 


* See also: W. R. Lethaby, “ Architecture” (Home University Series) ; Lewis 
Mumford, “ Technics and Civilisation”; ‘The Culture of Cities’; “‘ Sticks and 
Stones ”’ (for sociological design) ; C. H. Reilly, “‘ Theory and Practice of Architec- 
ture”; Geoffrey Scott, ‘“‘ The Architecture of Humanism ”” (Particularly with refer- 
ence to the ethical, mechanical, and biological fallacies of the past 150 years). 
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The best engineering structures from olden times have given due regard 
to all these aspects of the engineer’s function, and it is doubtful whether 
anyone would have questioned the proper application of all these qualities 
in engineering structures had it not been for certain modern writings which 
would appear to throw some doubt on the matter. The authority of some 
of these writers is such that it would be lacking in respect towards them 
to ignore what they have said, and the Author proposes to deal with this 
aspect of the matter immediately. 

Perhaps the most prominent and definite of thesewriters is the Author’s 
friend, Mr. H. S. Goodhart-Rendel, Past-President R.1.B.A., who has 
defined architecture as civil engineering plus aesthetic choice. 

To engineers this may appear to be a somewhat provocative statement, 
and it raises an issue which must be clearly examined and faced. If it is 
true, then there is no place for the aesthetic in civil engineering. 

Let us take this proposition and see where it leads us. Obviously the 
equation :— 


Architecture = Civil engineering + Aesthetic choice 
can be equally well re-written, _ 
Civil Engineering = Architecture — Aesthetic choice. 


Surely civil engineers may legitimately claim to be entitled to have 
some say as to what civil engineering is, and it would be fair to say that 
no civil engineer could possibly accept or subscribe to this definition of 
civil engineering. 

It is of interest to see where the previous definition takes us: ‘‘ Archi- 
tecture I have defined as civil engineering plus aesthetic choice; this 
aesthetic choice may have on occasion to be exercised by the professional 
engineer, in which case he is making architecture. It may, on the other 
hand, be sometimes uncalled for from the architect, in which case he is 
making engineering. Architecture, the fine art, and engineering, the 
useful art, differ in this element only, and in other respects are identical 
in essence. The scope of the architect and that of the engineer can never 
be strictly apportioned.” 

It will be seen that the definition referred to leads logically, as its 
Author recognizes, to the curious position that engineers may exercise 


aesthetic choice, but that they are then “ making architecture’ and that 


architects are ‘‘ making engineering ” if they do not exercise it. 
It is, perhaps, legitimate to doubt whether it is a useful definition if it 
leads to this curious result. Civil engineering surely cannot mean any- 
thing other than the sum total of all those things which the civil engineer 
properly does in the course of his professional duties, and it aesthetic 
choice may have on occasion to be exercised by the professional engineer, 


- then to define engineering as something in which aesthetic choice has no 


o 


place only leads to confusion of thought. — 
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In fact, it is probably true to say that the professional engineer cannot 
avoid making aesthetic choice unless he is to give up designing altogether. 
His choice may be a good one or a bad one. It may be made consciously 
or unconsciously. He may conceivably not have the faintest idea that he 
is making one, in which case there is, at any rate, a risk that the result 
may not be very satisfactory from that point of view. But, just as a 
man who says that he has no use for philosophy cannot avoid having a 
philosophy by merely disclaiming it (and probably has a bad one), so a 
little consideration makes it perfectly clear that unless a professional 
engineer is to give up entirely the function of designing structures, he 
cannot avoid making aesthetic choice, good, bad, or indifferent. 

It is, perhaps, only fair to say that the previous definition is not 
universally accepted by all members of the architectural profession. Thus 
Mr. J. M. Richards, in his book on “ Modern Architecture,” states that, 
“The distinction between engineering and architecture is entirely an 
artificial one. It is only 100 years old, having come about when the 
academic architects became primarily engrossed in styles early in the 
nineteenth century.” 

It would, of course, be possible to look upon architecture as that side 
of building which concerns itself only with the artistic, and on engineering 
as that side of building which concerns itself only with science; but a 
careful examination of this proposition leads to the conclusion that it 
does not conform to common usage of the terms, nor can it be carried to 
its logical conclusions without producing nonsensical results. 

The architect studies, and always has studied, questions relating to 
construction, strength of materials, and other scientific aspects of his 
professional work, and the engineer is equally something more than a 
pure scientist. 

All attempts to define the difference between engineering and archi- 
tecture have failed, and the Author suggests that the reason is very simple 
—that there is, in fact, no essential difference. To quote Mr. Goodhart- 
Rendel again, “ The scope of the architect and that of the engineer can 
never be strictly apportioned.” Probably all that one can fairly say about 
it is that the architect has sometimes given more emphasis to the artistic 
side of his work and less to the scientific, whilst the engineer has sometimes 
given more attention to the scientific side and less to the artistic. 

For a structure to be completely satisfactory the aesthetic and scientific 
aspects have both to be given full and successful consideration. It is not 
within the scope of this Paper even to suggest how these results are best 
to be achieved. The architect occasionally deals personally with the 
constructional and scientific aspects of his work as well as with the 
aesthetic aspects, and he is clearly entitled to do so. Occasionally, on the 
other hand, he seeks the collaboration of an engineer to assist him with 
the constructional and scientific aspects of his work. 

As a rule he will tend to do smaller and simpler works without such 
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collaboration, and to seek it more frequently when the scientific and 
engineering problems become especially important and difficult. 
Similarly, the engineer may, on simple works which he considers within 
his capacity, be justified in dealing with the design himself as a whole ; 
but may on other occasions seek with advantage the help and collaboration 
of his architectural friends and colleagues, especially when the aesthetic 


_ problems are of special importance and difficulty. 


Collaboration will generally be successful in proportion as the colla- 
borators are experts on their respective sides of the work, but also in pro- 
portion as they are sympathetic to one another. Such sympathy demands 
as its essential basis that each partner in the collaboration shall have- 
sufficient understanding of the work of his collaborator, and what he is 


_ trying to achieve, to subordinate his own requirements as far as possible 


to those of the other, and by a process of friendly “ give and take” to 
arrive at a happy solution which satisfies the requirements of both sides 
of the design problem. 

If only for this reason, it is essential that an engineer should have an 
understanding of the aesthetic problems underlying all good structural 


- design, but if he ever hopes to do any design himself on his own responsi- 


bility, it is, of course, essential that he should have a knowledge of the 
aesthetic as well as the scientific aspects of his work, just as the architect 
is ill-equipped if he has no knowledge of the structural and scientific sides. 

Perhaps the Author may be allowed to say, in passing, that happy 
collaboration gives an added joy to the work when real sympathy exists 
between the collaborators, and that no engineers appreciate so fully the 
work of architects as those who have made some study of aesthetic problems. 

It is, perhaps, of interest to mention that in the past great men designed 
outstanding structures without collaboration. It is only necessary to 
mention such names as Michael Angelo, Christopher Wren, Telford, and 


- Rennie. These men were both engineers and architects, but it is doubtful 


: whether they would have found any distinction or considered it important. 


Actually, the bifurcation only came about in 1820, when wrought iron, 


with its comparatively high tensile properties, became available for the 


first time in sufficient quantity, and reliable quality, as a structural 
_ material. Bridge engineering in particular then became an exact science 


involving mathematical calculations, and in the evolution of this science 


architects as a whole took no part. 


- It has been said with truth that where a work is the undivided con- 
ception of one brain having an understanding of both the scientific and 
aesthetic sides of the design problem, the result gains something in unity. 
On the other hand, modern problems are frequently more complex than 


_ they were in the days of those giants. The engineering requirements of 
- great buildings have become much more complex, involving a detailed 
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knowledge of soil mechanics, reinforced concrete, constructional steelwork, 


acoustics, heating, ventilation, electric lighting and signalling, lifts, water- 
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supply, drainage, and many other matters, and it is to be doubted whether 
even the giants previously referred to could have undertaken a modern 
structure without collaboration. 

It is not within the scope of this Paper to indicate when the aesthetic 
consideration of an engineering structure may be given by the enginee 
himself and when he should seek collaboration, circumstances which 
obviously involve a consideration of both his own ability and the nature 
of the structure in question. i 

All that the Author is concerned with is to insist that every engineering ~ 
structure must be given aesthetic consideration, and to enumerate a few 
of the considerations with which such aesthetic treatment is concerned. 

The Author has already expressed the view that in the class of struc- 
tures under consideration there is no difference between good civil engi- 
neering and good architecture, although there may be a lot of difference 
between bad civil engineering and bad architecture. Bad civil engineering - 
sometimes means engineering in which all the requirements have been met 
except the aesthetic ones, and bad architecture sometimes means os 
in which all the requirements have been met with the possible exception 
of some of the scientific ones. When all the requirements are met on both ~ 
sides it is impossible to establish any difference whatever, and good civil 
engineering and good architecture merge into one. 

Is it too much to hope that in the not too distant future the sister 
professions of engineering and architecture may again become, as they 
were, one ? 

It is the Author’s belief that if architects became members of engineer- 
ing institutions and engineers who deal with structures became members of 
architectural institutions, it would be for the betterment of both. Archi- 
tects can learn much from engineers, and engineers from architects, and 
neither will be completely equipped until they are one. It is only their 
deficiencies (if any) which separate them (if they are separated). If an 
architect is not an engineer, it is because he lacks scientific knowledge and 
skill. If an engineer is not an architect, it is because he lacks aesthetic 
knowledge and skill. Eliminate these deficiencies, and the differences 
disappear. Surely this must be to the benefit of all. 

The Author would also like to see a new kind of college which would 
give equal training in both sides in the earlier years, with specialization in 
later years if desired. In this way architecture and engineering could 
achieve that unity and completeness which they need to be entirely 
satisfactory, and the artificial difference between the two professions 
might, with advantage, tend to disappear. 


The Paper is accompanied by one photograph and three sheets of 
drawings, from which the half-tone plates have been prepared. 
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“The Design of Flour Mills, Granaries, Warehouses, 
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In the following Paper it has been deemed desirable, for obvious reasons, 
to omit all place-names and other references which would give such 
information. Consequently the Paper must inevitably lose slightly in 
interest, but the Author hopes that it will still be of value. 


SouTHERN RatitwAy WAREHOUSE. 


Figs. 1 to 8 (Plates 1 to 4), and Fig. 9, facing p. 172, illustrate a 
warehouse designed by the Author for the Southern Railway, with the 
collaboration and under the general supervision of Mr. George Ellson, 

_O.B.E., M. Inst. C-E., Chief Engineer to the Company. 

The purpose of the structure was to receive grain in sack for storage 
and distribution, which may be received by water or by rail, and may be 
delivered by rail or by lorry. 

The granary, although originally intended principally for grain, has 
been designed also as a general warehouse to receive and store miscel- 
laneous goods, and its handling arrangements had therefore to be more 

diverse than if one class of goods only were to be catered for. 

The layout and general conception of the warehouse was primarily 
intended to effect the maximum economy in handling costs, and the 
equipment for handling different classes of material will perhaps be of 
interest. 

The warehouse is approximately 310 feet in length and 80 feet in width, 
and it comprises six main storeys having an inclusive height of approxi- 


+ Correspondence on this Paper can be accepted until the 15th August, 1941, 
and will be published in the Institution Journal for October, 1941.—Src. Inst. C.E, 
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mately 68 feet, measured from ground-floor or platform-level, which is 
approximately 3 feet 6 inches above ground-level. 

Above the sixth floor is a conveyor gallery 280 feet long and 32 feet 
wide ; the width is increased to about 64 feet in three places to receive the 
tops of stairs, the goods-lift machinery, and the elevator-heads. Over 
the middle of each of these three projections is raised a tower approxl- 
mately 25 feet by 48 feet in plan and about 17 feet in height, so as to receive 
the tops of the elevator-heads. 

Fig. 1, Plate 1, is a ground-floor plan and shows a platform on the north 
side for the intake of goods, whether arriving by rail or by water. 


Equipment. 


Goods arriving by water are handled by three large electric travelling © 
cranes of the level luffing type, which deliver the grain in loads of about 
ten or eleven sacks at a time to a batch weigher on the respective platforms, 


7 

: 
of which there are also three. ; 
A fourth crane is provided, which is primarily intended not for serving 
the granary, but for dealing with general goods in the yard. 

From the batch weigher the sacks are delivered to three sack-elevators, 
E.1, E.2, and E.3, on the north side of the warehouse; three similar © 
elevators, E.4, E.5, and E.6, are provided on the south side for other 
similar duties. , 

From any of these elevators the sacks are delivered right up into one 
of the three towers and are tipped into a shoot having a swivelling delivery- 
trunk which delivers to any of three reversible band-conveyors in the 
conveyor gallery, in either direction, so that each swivelling trunk may 
occupy any one of six positions. This is clearly shown on Fig. 4, Plate 2, 
which is a plan of the conveyors and other gear on the sixth floor (the 
conveyor gallery), and in Fig. 5, Plate 3, a longitudinal section which shows 
the elevators, the conveyors, and the circular shoots. 

The sacks travelling along the conveyors are discharged by a board 
set at an angle into the top of spiral metal shoots which are indicated on 
the general floor plans, Fig. 2, Plate 1, and Fig. 3, Plate 2. Altogether 
there are twelve of these shoots, four of which are double spirals, whilst 
the remainder are single spirals, as shown on Fig. 5, Plate 3. 

By fixing a suitable-throw-off plate the sacks can be taken off at any 
desired floor, so that when they have been once delivered to the elevator 
they can, without further handling, be delivered to the nearest position 
of any of the twelve shoots to the point of storage on any desired floor. __ 

Elevators are also arranged so that should sacks happen to pass on 
their upward journey the point where it is desired to stack them, they - 
may be thrown out without having to employ the conveyors. 

When it is desired to send the sacks away from their storage in the 
warehouse, they may be delivered to the ground floor direct by being sent 
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down the shoot nearest to them; but if this would not deliver them at 
a convenient position near to the loading-off point (truck or lorry) they 
can be delivered instead to the nearest elevator and transferred by means 
of the conveyors to the nearest shoot, which will deliver directly to any 


_ one of six positions on either side of the warehouse (twelve in all). Thus 
_ sacks stored on the fifth floor on the north-east corner may require to be 
~ loaded off on to a lorry backed against the platform in the south-west 


corner. To save handling they would therefore be taken to sack elevator 
K.3 and delivered to the central or southernmost conveyor, from which 


_ they can be sent down the shoot at the south-west corner of the building 
_ and delivered to the loading-platform. 


The ground-floor plan, Fig. 1, Plate 1, shows how the sack-shoots 
are provided with extended throw-off shoots at the bottom so as to deliver 
the sacks immediately inside the doors giving on to the platforms. 

The four double sack-shoots will also deliver to central positions 


_ alongside the two delivery-sidings which run into the building from the 


south side. 

The method of handling described above applies only to grain and 
similar material delivered in sack. 

Alternatively ten or eleven sacks at a time can be delivered by the 
crane direct to the loading platforms outside the loading-doors, shown on 


_ the north side elevation (Fig. 6, Plate 4), and at the side of the east end 


elevation (Fig. 7, Plate 4). 

Bulky goods arriving in larger packages, or in packages unsuitable for 
handling in sack-elevators, can be delivered direct on to any floor by the 
crane through the side doors previously referred to, or can be taken either 
up or down in the three goods-lifts shown on the plans. These are 
approximately 6 feet by 8 feet inside the cage, and have a capacity of 


_ 2-tons at a speed of 100 feet per minute. 


The landing-gates consist of Potter-Rax folding steel doors which close 
the opening with solid steel sheet, so that the lift-shaft is not open to the 
floors and the whole shaft is enclosed with a steel partition except at the 


_ particular opening at which the lift stands. The lifts were supplied by the 


Express Lift Co., Ltd. 
Special trolleys on rubber wheels were provided to fit the lift for the 


_ more rapid and economic handling of certain classes of goods. 


The conveyors and elevators were supplied by Messrs. Spencer 


_ (Melksham), Ltd. 


j 
J 
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Construction. 


The building is a frame structure of reinforced concrete.. The outer 
walls contain reinforced-concrete piers at 8-foot 4-inch centres at the 


~ sides and 8-foot centres in the ends. These piers are of splayed section, 
as shown on the plans, so as to produce a more pleasing appearance and 


_ give external angles of 135 degrees, which experience shows are less liable 
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to be damaged than are right-angle edges. They also allow more light to 
enter sideways. 

The down pipes from-the roof are embedded inside these piers and 
consist of cement asbestos cast into the concrete. 

The cross-sectional area of each pier is approximately 3 square feet. 
The internal columns are at 25-foot centres longitudinally and 16-foot 
centres transversely, and are forty-eight in number. On the ground floor 
they are octagonal, 3 feet across opposite flats under the towers and 
2 feet 8 inches in other places. These columns diminish in section as they 
rise, those in the top floor being 18 inches square. 

The ground floor (3 feet 6 inches above ground-level) is of concrete 
placed directly on hardcore filling and finished with 1} inch of granolithic. 
- This ground-floor concrete is lightly reinforced to span between pile- 
caps, in order to prevent unequal settlement and cracking. 

The first floor is of reinforced concrete 5 inches thick, finished with 
1} inch of granolithic. 

The main beams, of 25 feet span, are 28 inches by 15 inches overall 
under the first floor, and the secondary beams, at 8-foot 4-inch centres, 
are 18 inches by 12 inches overall, haunched at the ends. 

The upper floors consist of 4-inch tongued and grooved Columbian pine 
planks, finished on top with l-inch maple to give a hard finish. These 
floors are secured to timber plates bolted to the reinforced-concrete beams, 
which, for all floors above the first, are rectangular and not T-beams in 
section : the main beams are 32 inches by 15 inches and the secondary 
beams 18 inches by 15 inches. 

The ground and first floors, being of concrete finished with granolithic, 
are suitable for wet goods if necessary, and can be hosed, whilst the upper 
floors are intended for grain and other dry goods. 

The timber floors have the advantage, for this particular purpose, 
that they never sweat and produce mildew or other fungoid diseases in 
the grain or similar materials, whereas that is not always true of concrete 
floors, owing to their higher conductivity and specific heat. 

The walls consist of 11-inch cavity walls, bricks from an Essex brick- 
yard being set in a mortar consisting of 4 parts of sand, 1 part of cement, 
and $ part of lime. The two 44-inch skins to the cavity wall are connected 
together by ties of stainless steel, two per square yard. 


Windows extending the full way between the reinforced-concrete 


piers, provide clear openings of approximately three-quarters the total 
periphery. The top of the sills is approximately 5 feet 6 inches above 


floor-level ; there is no object in having windows below this level, as the. 


light would be obstructed by merchandise and the upper portion of the 
light is the only portion which is effective. 

All the window-frames are of timber, with sufficient opening on each 
window to enable the outsides to be cleaned without external access, 
and are of Columbian pine with the exception of the sills and transoms, 
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which are of teak and of oak respectively. Contrary to usual practice, 
all glazing was done from the inside, in order to make replacement easier. 
Galvanized water-bars are provided between the teak sills to the 
window-frames and the pre-cast reinforced-concrete sills on which they 
Test. 
The 10-foot platform on the south side is protected by a canopy 
projecting 20 feet from the edge of the columns. This canopy is of 
reinforced concrete, with a slab 3 inches thick suspended from 4-inch ribs 
above, and gives a pleasantly clean effect of an uninterrupted slab on the 
underside. To prevent cracking, it is sub-divided by expansion joints 
covered by curbs and covers; the canopy is not protected by asphalt or 
other waterproofing material, but is, nevertheless, watertight, which is 
possibly of interest. 

On the north side the corresponding canopy has a smaller projection, 
as shown on the first-floor plan, and is interrupted at each of the three 
weighbridges to enable goods to be dropped on to the platform by the 
cranes. 

The foundations consist of 800 reinforced-concrete piles 16 inches 
square and approximately 50 feet long, reinforced with four 1}-inch rods 

_ and }-inch links at 6-inch centres, although the spacing is much closer at 
the two ends of the pile. 

The concrete, throughout the work, consisted of 4 cubic feet of 2-inch 
shingle and 2 cubic feet of sand, with 112 Ib. of cement. 

Each pile was driven by a 4-ton hammer dropping 4 feet to a set of 
120 blows per foot, and carries a load of 70 tons on the London Blue Clay. 

Generally speaking, there were nine piles under each of the internal 
columns, representing a load of about 600 tons, and two under each of 
the external piers, representing a load of about 130 tons. 

The construction is well illustrated by Fig. 8, Plate 4 (cross section). 

Fig. 9 is a view of the building when floodlit. 


Aesthetic Treatment. 

The treatment is marked by directness and vertical rhythm of the 
concrete piers, whilst a warm tone is achieved by the red brick of pleasing 
texture in the panels. 

: The function of the building is expressed by the warehouse-doors 
which give on the water side, as well as by the three large cranes, 
corresponding to the three elevator towers. 

Additional interest is afforded by the conveyor-gallery and the three 
towers, which serve the useful function of housing essential machinery. 
‘They break the structure up into more interesting geometrical shapes and 
_ throw interesting light and shade both by day and when floodlit by night, 
_ as in pre-war times. 
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GRAIN SILOS. 


Silos constitute the most convenient structures for storing grain in 
bulk in such a way that it can be quickly and economically handled and 
yet kept in separate consignments so that an expert miller who receives 
different kinds of grain for different purposes, can mix them in the most 
advantageous way. 

The silos are frequently about 100 feet high, not counting the conveyor- 
floor at the top and the conveyor-floor at the bottom. 

When the length of the silo exceeds twice its diameter, most of the 
weight of the grain is carried on the side walls, and not on the bottom. 

Arching action between the grain-particles exerts lateral pressure 
against the walls, and this lateral pressure, multiplied by the coefficient 
of friction, is sufficient to carry the grain. 

The magnitude of the pressure can be calculated by the formulas of 
Janssen or Airy. 

Except for the uppermost two diameters, where the pressure decreases, 
the lateral pressure is approximately proportional to the diameter of the 
bin, and has a value of approximately 390 lb. per square foot for a 13-foot 
6-inch bin. ‘ 

The most convenient size of bin depends upon a variety of factors. 
The most economical arrangement is sometimes afforded by circular bins 
about 20 feet in diameter, but it must be remembered that as the size 
increases the pressure increases proportionally. 

The circular bin provides inter-spaces between the large bins, which 
are not always convenient from the miller’s point of view and frequently 
necessitate additional conveyors at top and bottom. 


Construction. 


In the particular cases illustrated in this Paper, which were designed 
by the Author for the owners, it was found that, on the whole, the most 
desirable arrangement was provided by square bins at about 14-foot 
centres, - 

The particular silo illustrated in Figs. 10 and 11, Plate 5, provides a 
block of bins 14 feet square, sixteen bays in length and six bays in width ; 
but at one end eight bays are devoid of bin-walls and are fitted instead 
with floors so as to form a receiving-house, wherein the elevators, weighing- 
machines, etc., are accommodated, whilst ten of the large bins are sub- 
divided to provide forty small bins for handling separated small parcels of 
grain. 

The thickness of the bin-walls, except in the small bins, is 64 inches. 
The bottoms are generally of steel plate welded at the corners and suspended 
by an arrangement of bolts from reinforced-concrete beams between the 
columns. 


The silo is founded on reinforced-concrete piles 16 inches square, carrying 
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approximately 70 tons per pile and supporting a reinforced-concrete raft 
3 feet thick which transmits the load from the columns to the piles. 

An interesting feature of stch silo buildings, which have now been 
constructed to a somewhat similar design in many places, is the method of 

~ construction. 

According to this method, a complete periphery of internal and 

_ external shuttering of all bin-walls is provided from bin-bottom level 

_ for a height of shuttering equal to approximately 4 feet. These shutters 

- are suspended from a system of screw jacks operating on vertical steel 
rods which are embedded in the concrete wall and project some few feet 
above the level of the concrete. 

When about 3 feet 6 inches of concrete has been deposited between 
these shutters, all the way round, the screw jacks are operated so as to 
raise the internal and external shutters at a uniform speed of about 
6 inches per hour while reinforcement and concrete are placed between 
them as they rise. With three shifts of men the silos are constructed 
continuously and without a break from the bottom to the top level of the 

- silos in a period of approximately 10 days, equivalent to approximately 
10 feet of silo per day. 

The speed has to be regulated so that whilst the concrete in the upper 
2 or 3 feet of the shutters is plastic enough to offer little resistance to 
sliding, it is set as it emerges from the bottom of the shutters. For this 
purpose it is necessary to have complete control over the setting-time of 
the concrete, and this can frequently be effected most conveniently by 
controlling the temperature, since it is well known that raising the 
temperature increases the speed of setting. 

Most of the silos instanced were constructed in the depth of winter, 
and neither frost nor rain interfered with the continuity of the work, 
during the 10 days or so in which the 100 feet of silos was concreted. 

Arrangements were made whereby the water, sand, and gravel could 

_ be warmed by steam so that the concrete emerged from the mixer at a 
temperature of approximately 60° F., even during a severe frost, but this 
temperature could be varied up or down to control the setting-time. 

This method of construction is extremely economical when the silos 
have a height which justifies the mechanism required. Probably nothing 

_ less than 50 feet would justify it. 

, In favourable cases, however, it may well have the effect of reducing 
_ the cost of the shuttering in normal times from about 6 shillings per yard to 
_ about 2 shillings per yard. 


Treatment. 


3 The treatment is illustrated by Fig. 12 (left-hand building). It will 
_ be seen that the receiving-house is carried up to a tower at one end, which 


serves the useful function of housing lift-machinery, elevator-heads, etc., 
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and is provided with several setbacks, whereby its clumsiness is relieved 
and an additional sense of grace and stability is afforded. 

The function of the building is clearly’ indicated by carrying the bin- 
walls through to form external piers, whereby a pronounced vertical 
treatment and a sense of rhythm are afforded, whilst the fenestration of 
the top and bottom floors indicates the only places where work is done, 
in contrast to the intermediate portions where bulk storage is provided. 


Surface Finish. 


Special care was taken with the surface finish of the concrete, without 
the application of any false covering coating. 

Concrete surfaces can be very unpleasant to the eye when little care 
is taken with them. Sometimes the board-marks show in an irregular 
manner indicative of lack of foresight. Sometimes air-holes are filled by 
rubbing over with slurry or mortar which generally dries a different colour 
(and frequently an unpleasant one) from the main surface, and leaves a 
patchy result. In the case described the surface was rubbed over with 
wooden floats while the concrete was still soft, without the addition of 
anything other than water. In this way, slight ridges were reduced and 
filled in to any air-holes without the application of additional material of 
differing composition, so that no change in colour was effected. 

When the work reached the top, the whole surface was rubbed down 
with carborundum blocks, working downwards, whereby a smooth 
finished face of a light colour somewhat resembling Portland stone was 
achieved at a very low cost. Even when sliding shuttering is not used, 
a similar effect can be obtained by striking the shuttering at the earliest 
moment and applying the treatment already described. 


Frour Mims. 


Fig. 12 shows, on the right-hand side building, a modern flour-mill, 
which is described with the kind permission of the owners. The topmost 
portion of the building is the mill itself, and the lower portion is the ware- 
house. There are twelve floors in all, the lower five of which constitute 
the warehouse and the upper seven the mill. 

Generally speaking, the external piers are at 8-foot centres. The 
building is 290 feet long and 90 feet wide, and has a maximum height 
of 168 feet. The portion which projects forward nearest to the quay- 
wall contains the machinery for animal foods. 

The floors are generally of timber, similar to those of the warehouse 
described in the first portion of this Paper, and consist of 4 inches of 
Columbian pine, tongued and grooved, covered with 1-inch maple flooring. 
There is, however, a concrete floor dividing the warehouse from the mill 
for fire-resisting purposes, and provided with airtight bulkheads. | 


GRANARIES, WAREHOUSES, AND SILOS. 177 


Where brickwork panels appear on the elevation without windows, 
service bins occur inside. These are for receiving the unwashed wheat 
as it comes from the silos across the bridge. From these bins the wheat 
is taken to the washing-plant at the top of the building. It is then 
conditioned to the right degree of moisture and again elevated, whereafter 
it goes through the usual series of mills, in which it is fractionally ground, 
the various portions of the wheat being carefully separated and used for 
their appropriate purposes. 

The reinforced-concrete beams are generally of 28 feet span and are 
rectangular (22 inches by 9 inches) in section, carrying the timber floor 
previously referred to. They are at 8-foot centres so as to provide bays 
which are convenient for sprinklers and conform with the rules of the fire 
Insurance companies. 

The high building is 56 feet wide and has a central row of reinforced- 
concrete columns at 8-foot centres. It was considered that when these 
columns reached the top of the warehouse they would be unpleasantly 
close for warehouse purposes at such spacing, and at that level every 
alternate column is carried on a large reinforced-concrete beam so that the 
columns below are generally at 16-foot centres (Fig. 13, Plate 5). 

: These beams are approximately 45 inches deep and 30 inches wide, 
and contain three layers of 1}-inch rods, nine to a layer, as the main 
tensile reinforcement. The load on the columns which they carry at 
midspan was approximately 200 tons each, additional to the weight from 
the beams in the floor. 

The central feature half-way up the building is the main motor-room, 
in which the main motor, of approximately 850 horse-power, drives all 
the shafting throughout the mill at the various floors by direct rope-drives 
from the motor-pulley to pulleys at all the different floor levels in the mill, 
one bay of the mill being reserved for this purpose to form a rope-race. 
This ensures that when the mill is stopped or started all the processes 
will start and stop at the same time, and will not fall out of phase. 

The wall-panels consist of hollow 11-inch walling constructed of a 
pleasing red brick, the two halves being connected together by wall ties 
of stainless steel, two to each square yard of wall. A lead-core bituminous 

damp course was provided at each floor-level across the cavity in the wall, 
so that any water passing into the cavity would be drained out through 

small spaces provided for the purpose. To achieve this, the damp course 
was 3 inches higher in the inner skin than in the outer one, sloping across 
the cavity between. 

The central tower at the top contains the pressure-tank for the sprinkler 

system. On the roof are the cowls from which the air is discharged after 
dust-extraction in the cyclones. The topmost floor contains no windows, 
because it is the settling-chamber in which the dust is collected before 

_ discharge. ee 

The chimney is octagonal, of reinforced concrete, 4 inches in thickness, 
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lined with moler brick for the whole height, and serves the dry-back boiler 
on the ground floor which supplies steam for process work and for heating 
the offices, and also provides hot water through calorifiers. 

In front of the buildings is the intake plant, which consists essentially 
of a long horizontal conveyor parallel to the quay, on to which the wheat 
is discharged from pneumatic plant that sucks the wheat direct from the 
hold of the ship. This pneumatic plant runs on rails and is designed to 
operate anywhere along the length of the quay within the limits of the 
intake conveyor. 

From the intake conveyor cross bands deliver the grain into the 
receiving-house to the right of the silos, whence it is elevated to the top. 

Since the photograph was taken a garage approximately 200 feet long 
and 40 feet wide has been constructed in front of the silos. 

A small portion of the warehouse to the left is arranged as offices. 

On the far side of the mill a large cantilever canopy, projecting approxi- 
mately 28 feet, enables two lines of track to be loaded simultaneously in 
the dry, whilst on the inner side of the mill a cantilever canopy with 
approximately 20 feet overhang covers a loading-platform and the tail end 
of outgoing lorries. 

The warehouse is equipped with spiral shoots through the various 
floors, similar to those in the Southern Railway warehouse, but delivering 
to conveyors on the first floor which discharge direct to truck or lorry. 

The buildings are carried on piles under a reinforced-concrete raft. 

The general layout was dictated largely by the exigencies of the site. 
The storey-heights in the warehouse are 12 feet for the lowest two storeys 
and 11 feet for the next three, whereas the storey-heights in the mill are 
15 feet for the lowest two storeys, 12 feet for the next, 15 feet for the next 
two, and 8 feet 6 inches each for the uppermost two. 

Fig. 18, Plate 5, a longitudinal section through the building, illustrates 
most of the points described. ; 

Fig. 14 illustrates another flour mill, consisting of three buildings : 
the left-hand one is the silo, with a receiving-house tower at the right- 
hand end and a bridge connecting across to the mill building, which is the 
flour-mill, whilst the building at the right-hand end is the warehouse. 

It will be appreciated that the greater storey-heights required for the 
mill did not permit the floors to be aligned with the warehouse, and to 
have done so would have entailed wastefulness in design and a suppression 
of the different purposes of the two buildings. 

In this mill the silos are 265 feet long, 155 feet high, and 58 feet wide, 


and consist of four bays of bins approximately 13 feet 6 inches square, — 


fifty-two large bins and sixty-four quarter-bins being provided in addition 
to the open floors in the receiving house. The intervening bridge spans 
74 feet and gives on to the mill, which is 225 feet long, 78 feet wide, and 
104 feet high. 


The warehouse is 168 feet long, 96 feet high, and also 78 feet wide. — 
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The mill is separated from the warehouse by double fire-resisting walls, 
with an intervening space and double fire-doors at all openings. 

Both buildings are fully equipped with sprinklers, the tank for which 
is situated in the ground floor of the warehouse. 

Fig. 15 illustrates in cross-section the arrangement of the buildings 
in relation to the dock. An interesting problem arose in connexion with 
the piling, which consists of 1,800 reinforced-concrete piles, 16 inches 
square, to carry the three buildings. 

Borings indicated hard red marl at about 72 feet below the surface. 

_ The upper 50 feet consist of soft made ground, but between 50 feet and 
60 feet there is a hard layer with a soft layer intervening between it and 
the marl. Apparently the dock wall was founded in the hard layer and 
overlies the soft layer. 

When pile-driving began it was found that the piles obtained what 
would normally be considered an acceptable set in the hard layer, fre- 
quently taking as many as 100 blows to 1 foot with a 4-ton monkey 
dropping 4 feet. 

It was considered, however, that it would have been very risky to 
carry all the buildings on this upper hard layer in view of the soft layer 
immediately underlying it, and the fact that the dock wall had not been 

carried through the latter. Indeed, evidence that one portion of the dock 
wall had already moved forward and downward during its original con- 
struction was provided, on examination, by the presence of several courses 
of wedge-shaped stones to bring the dock up to a level cope, although it 
was left with a cusp in plan where the original outward movement of 
about 16 feet had occurred. 

Since the bottom of the hard layer was approximately 60 feet below 

the surface, the pressure which would have been exerted on the soft 
layer under the silo building, had the piles been stopped in the hard layer, 

would clearly have been as follows :— 


60 feet ofearth at 120 1b. . . . .. 7,200 lb. per square foot 
Weight of silo building plus piles, divided by 


the area . . 7,800 os ” 


15,000 


, Where the soft layer continues under the dock wall and under the 
- bottom of the dock the load upon it is, however, as follows :— 


30 feet of water at 621b. . . . . . ~. 1,860 Ib. per square foot 
16 feet of earth at 120lb. . . . . . . 1,920 ,, 3 
3,780 


7 There would thus be a hydrostatic difference of nearly 5 tons per 
"square foot between the high pressure under the hard layer where it 
carries the piles and the low pressure under the hard layer under the dock, 


FABER ON THE DESIGN OF FLOUR MILLS, 


180 


‘SSOOHTAVM, AONV TI ‘SOTIg 


3 AED pay 


“aadey yos 


‘asnoyauem pue 29} COL 08 «2909 ~~ 
s|jiu ‘sojis 405 sapid 
91912U0>-parJojulad 


008'L 


Fsaueda >1\nespAy IMI-OF 
4NO} pure r4299]9 IM2-0F 
JNO} 4Oy sey 


punoi3 apew 10S 


“squejd-uojions 
dewnoud 7 


(e) <a a P sy2es3y sSuipis rs Toe | 
‘anoy aad suoa O87 FH Vol) = || | = 
jo a i 
‘asnoy-samog>1_C)_ a 
—e SI214O 


| 


“aSNOYDILM Pur jIILJ | 


*ABUWIY> 319419U0D-parsOjujay 


| 
“2PIM .0-.8Z aSNoYyaieM pur |} Ipy 


ae ie eee ee eer a 


OZ =O: OL o@ 2994 
«L 221225 


GRANARIES, WAREHOUSES, AND SILOS. 181 


and it was considered that there was not sufficient guarantee that transfer 
of material would not, in these circumstances, take place from the highly- 
compressed portion to the portion under the dock, causing the building to 
settle, the dock wall to move into the dock, and material to rise in the 
dock-bottom. 

To avoid this risk, it was deemed essential that the piles should 
penetrate both the upper hard layer and the soft layer and reach the marl 
below. This involved specially hard driving, many of the piles needing 
more than 100 blows to the foot over a length of nearly 10 feet before 
they reached the soft layer; but thereafter very little driving carried 
them through to the hard red marl. 

This was, of course, much harder treatment than piles are normally 
required to resist, and in the early stages a considerable number of piles 
were fractured. 

It was found, however, that by increasing the cement-content of the 
concrete, warming it to a temperature of 60°-70° F. before deposition, 
and then keeping it protected against loss of heat, piles could easily be 
made which would resist this very heavy driving; and after some early 
experiments the rest of the pile-driving proceeded through to the red 
marl and the red sandstone rock without any difficulty, and no settlement 
of the buildings or damage to the wall occurred during construction or 
subsequently. 


Costs. 


The buildings described in this Paper were extremely economical. 
The costs per cubic foot (pre-war) were approximately as follows :— 


Soe ee ee, 4d tobe, 
Mills Pr eek aie ee oe 9: 
Warehouses. . ... . . . 6d. to 7d. 


These figures are exclusive of foundations (which obviously must be 
- considered separately for any particular site), lighting, heating, machinery, 
lifts, mechanical equipment, sprinklers, and fees. 
The costs include framework, columns, beams, floors, walls, stairs, 
windows, waterproofing, rainwater goods, floor finishes, and painting. 
These low costs were achieved by treating the reinforced concrete so 
as to make it presentable without covering it (which incidentally makes 
the structure more honest and interesting), selecting the most economical 
_hpin-sizes, column-centres, etc., and designing the reinforced-concrete 
and other structural units with economy, and with consideration for the 
re-use by the contractors of shuttering, and of other practical problems. 
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The Paper is accompanied by twelve sheets of drawings and by three 
photographs, from which Plates 1, 2, 3, 4, and 5, the half-tone plates, 
and the Figure in the text have been prepared. 


Discussion. 


The Author, in introducing the Papers, observed that there was no 
connexion at all between them ; no suggestion was made that the principles 
propounded in the first Paper had been successfully applied in any of the 
structures described in the second Paper. 

A few hoary fallacies were mentioned in the former, many of which 
were due to “ wishful thinking”, such as the easily-disproved heresy that 
if a structure was really scientifically designed it must be beautiful. That 
was mere nonsense. Such a structure might, indeed, happen to be beauti- 
ful, but it might equally well be ugly. He did not doubt that Charing 
Cross bridge had been scientifically designed; but, even if it could be 
shown that every member had the same factor of safety to the fourth 
significant figure—and the right factor of safety—it would not alter the 
fact that, so far as he knew, no one admired it as a thing of beauty. 

It was easy to be destructive of aesthetic theories. He had read many 
books which were completely convincing when they shattered to atoms the 
aesthetic theories of the past, and equally unconvincing when they 
attempted to become constructive. Hence it had needed considerable 
courage on his part to attempt to write a constructive Paper; but an 
examination of structures judged beautiful by common consent indicated 


certain qualities which they had in common, such as harmony, compliance — 


with certain rules of composition, character, and interest. 


Harmony might be internal, that was to say, harmony of the component 


parts of the structure among themselves, or it might be external, that was 
to say, harmony of the structure with its surroundings. Character covered 
certain properties which some structures appeared to have in common with 
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human beings. For example, some structures were excessively heavy— 
Teutonic in design—whereas others were graceful. Some stood up with 
self-assertion, as much as to say, “ Look at me; I am here, and you 
_ cannot help looking at me ; I am a very important building,” whilst others 
were of a retiring character and, even when they were beautiful, did not 
force people to look at them. Interest was very important in a building, 
because the quality of charm could not be imparted until interest had been 
aroused. It might be aroused by many things, for example, by the expres- 
sion of function—the function of the building being expressed in its design 
_—or by expression of the construction, that was, how the building worked 
and how the forces acted. In the old cathedrals that expression was pro- 
vided by flying buttresses, which indicated how the various forces were 
acting ; and that undoubtedly gave an interest to the buildings which they 
would not otherwise possess. Rhythm, texture, colour, and silhouette all 
entered into the interest offered by a building. He had attempted to show 
that a structure would be aesthetically pleasing in proportion as it satisfied 
the requirements of harmony, composition, character, and interest, and he 
had made some attempt to discuss those requirements in the most con- 
densed language of which he was capable. The second Paper was a plain 
and straightforward description of some plain and straightforward build- 
ings. 
The President thought that it would be agreed that the second Paper 
was a very interesting description of some engineering structures. The 
rapidity with which the work proceeded must really have formed practically 
arecord. The subject of the aesthetics of engineering, however, was prob- 
ably one with which nobody else in Great Britain could have dealt so ably 
as the Author. 
Professor C. E. Inglis expressed unqualified commendation of the 
"Paper on “ Aesthetics,” which he considered would come to be regarded as 
a classic in the annals of The Institution. It should be read not once, 
but again and again by all engineers who were zealous not only for their 
own personal advancement but also for the raising of the status of the 
civil engineering profession as a whole. 
As the Author had pointed out, up to about 120 years ago the architect 
and the engineer were indistinguishable. The cleavage came when 
wrought iron, with its comparatively high tensile properties, became 
available in sufficient quantity and reliable quality as a building material, 
and then bridge building in particular became a science in which art was 
relegated for the time being to a position of minor importance. That 
was quite understandable; new vistas were opening up and miracles of 
construction were being performed—miracles which were quite beyond the 
reach of artistic criticism. But in that neglect of the aesthetics of their 
works of construction engineers went on far too long, and it probably 
reached its worst stage in the late seventies and the early eighties of the 
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Professor Inglis exhibited some lantern slides to illustrate his views. 
He observed that it was rather difficult to make a suspension bridge 
unsightly, but in the design of a Forth bridge which was actually under 
construction in 1879, and was subsequently abandoned, that unenviable 
distinction was certainly achieved. 

Although the early eighties of the last century was artistically a bad 
period in structural engineering, there were great engineers in those days, — 
including Sir Benjamin Baker, whose Forth bridge was certainly pleasing 
owing to its size and the excellent proportion of its parts. 

In contradistinction to a suspension bridge, a cantilever bridge was — 
difficult to treat westhetically ; it was full of discontinuities, and meaning- 
less discontinuities jarred the artistic senses. But the discontinuities in a 
cantilever bridge where the cantilevers ended and the suspended span 
began were not meaningless, and the correct way to make a cantilever 
bridge look pleasing was to emphasize those discontinuities until they were 
quite obvious. Too often the reverse process was adopted and engineers, 
thinking that they were improving the appearance of the structure, 
camouflaged those discontinuities to such an extent that it became 
impossible to detect where the cantilevers ended and the suspended span 
began. 

An example of that was provided by the Queensborough bridge over 
the East River at New York, where the discontinuities were slurred over 
to such an extent that the stresses became highly indeterminate, and, 
behaving unsatisfactorily under a test load, its carrying capacity had 
subsequently to be reduced. Going to the other extreme, he thought 
that in the case of the Sukkur cantilever bridge, in India, the lamp of 
truth shone with too lurid a flame, and that in the stark nakedness of its 
anatomy the bridge presented an almost immodest appearance. 

Professor Inglis exhibited a slide of a cantilever of the first ill-fated 
Quebec bridge, taken the day before it collapsed. To his mind the 
structure presented a perilously frail appearance and the exaggerated 
curvature given to the bottom chord served only to emphasize that feeling 
of fragility. In comparison, the second, and successful, Quebec bridge 
inspired complete confidence. It suggested great strength combined with 
simplicity, and the straightness of the bottom chord left no doubt in the 
mind as to where the cantilevers ended and the suspended span began. 

A bridge which had played a leading part in shaping the evolution 
_ of the long-span metal arch was the Hell Gate bridge, over the East River, 
New York, which was completed in 1917. Its design was settled only 
after many years of investigation in which a great number of alternative 
constructions were carefully reviewed. In the final survey it was considered 
that none of those preliminary designs possessed the dignity looked for 
in a bridge which was to occupy such a prominent position in the city, 
and attention was then directed to the superior artistic merits of a metal 
arch bridge. Eventually the choice lay between a crescent-shaped and a 
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spandrel-braced arch. Finally opinion favoured the latter, reversed 
curves being introduced into the top chord to improve the general outline. 
It was considered more pleasing in appearance than the crescent-shaped 
arch and the deep vertical posts at the abutments were helpful in erecting 
the span by the cantilever method. He considered that the majesty of 
_ the structure amply justified the years of preliminary investigation which 
resulted in its evolution ; and, in so much as imitation was the sincerest 
form of flattery, the Hell Gate arch bridge had received abundant admira- 
tion, since it had been the prototype of many metal arch bridges built 
subsequently, the great Sidney Harbour bridge being an example. 
Probably in the early days of suspension-bridge evolution engineers 
did not give serious thought to the artistic merits of their designs. When, 
for instance, the Brooklyn suspension bridge, with its span of 1,600 feet, 
was completed, in 1883, it was regarded as one of the engineering marvels 
of the world. It was little short of a miracle; probably nobody at the 
time attempted to assess its artistic merits, and its beauty, which was 
undeniable, was automatically achieved. In fact, it was difficult to make 
suspension bridges unsightly, though he knew of one or two cases where 
that difficulty had been overcome. For instance, he considered that the 
Williamsburg bridge over the East River, New York, completed in 1904, 
came into this category owing to its stiffening truss, which was so deep and 
massive that the supporting cables appeared to be an unnecessary adjunct. 
In 1926 a suspension bridge of 1,750 feet was built over the Delaware river 
at Philadelphia, which he regarded as a masterpiece from the aesthetic 
point of view. It was not cluttered up with unnecessary architectural 
embellishments, and it was by the sheer unadorned beauty of its anatomy 
that it achieved such a high standard of aesthetic perfection. The graceful 
cable-towers were flexible in the fore-and-aft direction to accommodate 
changes in the lengths of the cable, whilst they possessed great rigidity 
in the direction transverse to the bridge. 
_ The mighty George Washington bridge, with its span of 3,500 feet 
achieved much of its impressive effect by the majestic splendour of its 
cable-towers, which were 600 feet high and, owing to the downward pull 
of the cables, supported a load of 112,000 tons. The original intention 
had been to conceal the steelwork under a veneer of masonry, but the 
engineers fought against that concealment and won. To suggest that 
that stupendous load was carried on anything other than a steel structure 
would have involved the perpetration of an outrageous structural lie. 
As the Author had pointed out, when in the fighting-line of engineering 
progress there were no alternatives. That was exemplified in the wonder- 
‘ful Golden Gate bridge, with its span of 4,200 feet. That bridge could 
only be a cable suspension bridge, and along that line of advance it might 
be claimed that engineering construction was leading and not following 
aesthetic considerations. It was only in dealing with bridges of shorter 
‘span, where many alternatives were available, that engineers~had to 
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cultivate a sense of what was or was not beautiful. That, in many cases, 
should be the deciding factor, and engineers must grasp the fact that most 
members of the public had—or thought they had—artistic perceptions. 
When an engineer went before a town council with plans, the members of — 
that council in general could not, and did not want to, discuss technicalities, 
but most of them were interested in the aesthetic aspect of the proposed 
structure. 

If the engineer could not deal intelligently and sympathetically with 
that side of the problem, they would turn to somebody who could, and 
the engineer would consequently have to accept a position of minor import- 
ance. 

The value of the Paper was enhanced considerably by the fact that the 
Author had given definite reasons why some structures induced greater 
mental satisfaction than others. For instance, he had explained why a 
bridge should preferably have an odd number of spans. Professor Inglis — 
was of opinion that the same principle applied to girder bridges, and that 
a girder with an odd number of panels was superior in appearance to one 
with an even number of panels. 

The Author was entirely justified in accusing engineering colleges of 
having neglected instruction in this all-important aesthetic side of engineer- 
ing. Certainly, looking back to his student days, Professor Inglis recog- 
nized that whereas he was taught how to design bridges which structurally 
and economically were correct, it was never even suggested that considera- 
tion should be given to the question of how the bridge was aesthetically 
suited to any given site. In the University to which he had the honour 
to belong the importance of this consideration had at last been recognized, 
and in consequence the Author had been invited to give a course of lectures 
on aesthetics in engineering, which had been enthusiastically received. 
The Institution also was taking a lively interest in that particular branch 
of knowledge, and was promoting and subsidizing a scheme for providing 
instruction in that fascinating and all-important development in 
engineering education. 

Mr, Conrad Gribble observed that he was particularly interested in the 
second Paper because he had had something to do with one of the structures 
described. It had met with great success and had received general 
appreciation from those who had to use it, and also from those who looked 
at it. Incidentally, it had an advertising value, since it was prominent 
and attractive, especially when floodlit, and it drew attention to the com- 
pany for which it had been constructed and, he thought, did honour to 
that company. 

The difficulty was to know how to design bridges so that they would be 
pleasing to look at; engineers suffered from a lack of education in that 
respect, and Mr. Gribble considered that, if anything had been brought out 
in the discussion, it was that a young engineer ought to be trained to design 
bridges and structures of all kinds so that they would form pleasing and 
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happy monuments instead of very distressing ones. He had heard many 
harsh criticisms of Charing Cross bridge from time to time, and he supposed 
that they would continue so long as that bridge existed; but he did not 
think that the Author’s assertion that no one had ever said a word in its 
favour was quite correct, because he remembered very well a photograph 
of Charing Cross bridge taken by an architect in the misty evening light of 
‘London, at the time of the great controversy about the proposed new 
bridge ; that photograph appeared in the press, and the architect’ who 

had taken it expressed the view that the bridge was really rather an 
artistic structure ! 

Mr. P. J. H. Unna considered that engineers should be careful not to 
regard aesthetics too much from the technical point of view, or they might 
be called “ highbrow.” The ordinary public could not be expected to 
appreciate the technicalities and niceties of engineering design, and con- 
sidered a thing beautiful when they thought they understood how it 
worked. They regarded an arch or suspension bridge as beautiful, but 
were completely floored by a rolled steel joist. One of the reasons why 
Charing Cross bridge was so universally condemned was that people did 
not understand how it stood up. 

The discussion had rather centred on the appearance of bridges, but 
there was also the view from the bridge. It was as important to provide 

_a good view for passengers as for persons on the banks. The worst culprit 
was the railway bridge at Putney, where the top boom was on a level with 
the eye, so that nothing could be seen. Further, it might be justifiable to 

perpetrate what Professor Inglis had called a “ structural lie”, and 
apparently Waterloo bridge would do that. It would have girders dis- 
: guised as arches, and that would be correct. The public would not 
anderstand the girders, but they would the arches. 

The question of aesthetics should not be entirely confined to buildings 
and bridges, for roads were even more important. A road that was badly 
designed in detail could destroy whole stretches of the countryside, and 
eould do far more harm than a badly designed bridge or building which 
might be seen only a few streets away. There was much room for 
improvement when making or widening roads in Great Britain. 

_ Mr. T. Peirson Frank observed that the first Paper was of particular 
interest, as the Author had broken new ground, and it should certainly be 
‘studied carefully by students and the younger engineers. He agreed with 
the Author in many respects, but there were one or two points to which he 
would like to refer. 
With regard to the question of economy, he assumed that it was 
necessary to look forward to some economy at the conclusion of hostilities. 
Many structures erected during the period from 1919 to 1929 were affected 
seriously by the wave of economy which developed then and continued 
even into the early thirties. That had affected many engineers. In the 
housing schemes which were undertaken a limit was imposed upon the 


. 


sizes of rooms. Mr. Frank considered that they were too small; but 
economy had to be effected. 

On p. 148 the Author had observed : “* It will be noticed that all the | 
better bridges across the Thames, including the new Waterloo bridge, have 
five spans.” A new bridge which had recently been completed had only 
three arches, but Mr. Frank submitted that that bridge did not deserve 
the castigation that it apparently received from the Author. The Royal 
Fine Arts Commission had stated that they very readily endorsed the 
scheme; and that the bridge was appreciated outside England was 
demonstrated by a letter received from an engineer in Hungary, who 
was about to build a bridge over the Danube and who stated that he liked 
the design and asked for some particulars of its construction. 

With regard to character, Mr. Frank believed that all buildings in 
London were affected by the Building Regulations. In the provinces 
control was effected by the building by-laws, which exercised a marked 
influence upon the design of structures. 

He did not agree with the Author’s statement on p. 162 that: “the 
‘ Rocket ’ was a wonderful machine, designed to achieve speed; but its 
lines were hardly such as to suggest speed.”’ He was sure that when the 
“ Rocket ” was constructed people thought that it suggested high speed. 

Again, the Author compared the Golden Gate bridge with the Forth 
bridge, rather to the disadvantage of the latter ; but Mr. Frank considered 
that in order to judge those structures correctly one should bear in mind 
the knowledge that the designers had at the time of their construction. 
The very latest works of the present time might be condemned after 100 or 
150 years, if the knowledge available at the time of their construction was 
not taken into consideration. 

The Author had suggested the merging of the two professions of 
engineering and architecture into one. They could easily be merged, and 
that was being done in many districts. The borough engineer or the city 
engineer was frequently the borough architect or the city architect, and his 
staff were partly interchangeable. Mr. Frank considered that adoption of 
the Author’s suggestions would do much to improve the aesthetic appear- 
ance of structures which members of The Institution might have the 
honour of designing. 

With regard to the second Paper, Mr. Frank would like to know 
whether the Author had noted the effect of any high-explosive bombs in 
the near vicinity of any reinforced-concrete columns similar to those 
illustrated on Plate 1. R 

Colonel C.L. Howard Humphreys observed that he had been told on 
the best possible authority that there was another supporter of Charing 
Cross bridge, namely, Mr. George Bernard Shaw, who had said: “ It is 
the only bridge in London worth looking at! ” ' 

Colonel Humphreys had had his mind cleared to some extent by his 
very superficial study of the Paper on aesthetics, and he was grateful to 
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the Author for setting out the essential requirements of an engineering 
structure. That, after all, was the text of the sermon. He considered 
that engineers should look for harmony in all that they did, and that their 
buildings must harmonize with the surroundings of those buildings. He 
had always felt that London largely lacked the atmosphere that could be 
found in many continental cities, and that a certain disharmony existed. 
There were many fine buildings, but they did not produce the effect that 
one experienced in a city like Genoa, where all the buildings in large areas 
harmonized with each other, or were in a very similar style. 

There was one other harmony that should be achieved. The extreme 
view of the engineer was exemplified by the student’s comment cited in 
the Paper, that “ engineers might well leave the consideration of cathedrals 
and things of that kind to architects”; whilst the extreme view of the 
architect was, perhaps, exemplified by the definition of an architect which 
Colonel Humphreys had found in a dictionary, namely, “ Any contriver, 
for example, the Creator.” He considered that a middle course should be 
steered between those two schemes. He had always deprecated the 
tendency for an unseemly wrangle to take place when aesthetics were 
discussed. The two branches of what might be called the construction 
industry ought to be led nearer together, and he was quite sure that, if 
that were borne in mind and people who tried to wrangle were silenced, the 
‘public interest would be served. 

_ Mr. W. A. Willox disagreed with the Author on one point : he thought 
that if the purpose of a structure was properly served as the result of its 
design, the structure would be beautiful, provided always that the beholder 
agreed that its purpose was a good one. It depended very largely upon 
the view of the purpose for which the particular structure had been 
designed, and upon the efficiency with which that structure had been 
built ; and that efficiency depended upon the state of knowledge at the 
time. The purpose of the Forth bridge, for example, was amply fulfilled, 
and, in the state of knowledge prevailing at the time of its erection, it was 
probably built with the utmost efficiency. Such a structure would not be 
built at the present time, because of the development of knowledge ; yet 
the Forth bridge was a beautiful structure in the eyes of most people, 
simply because it accorded with the prevailing canons and fulfilled its 
purpose as perfectly as it was possible to do at that time. With that basis 
he thought that it was possible to judge what might be regarded as a 
beautiful design and what was likely not to be so regarded. The great 
point was that, with the knowledge available, the utmost efficiency in 
achieving the purpose of the structure should be striven for, and, if that 
efficiency were allowed to suffer for any extraneous cause, the result would 
suffer correspondingly in its appearance. For example, an engineer might 
be instructed to build a bridge for a specific purpose, with the stipulation 
that he must be parsimonious ; and if he allowed that stipulation to inter- 
fere with what he knew to be the proper purpose for which he was striving, 
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the result would inevitably suffer. On the other hand, an engineer or an 
architect might strive deliberately to make a structure beautiful, and then, 
when the work was finished and he had handed it over, somebody who was 
not an engineer, but who had the object of parsimony in mind, might come 
along and affix hideous placards to the structure, so that all the engineer’s 
efforts to achieve beauty were rendered vain. An advertiser might yet 
stick posters on Charing Cross bridge and then, Mr. Willox thought, the 
opinion that it was hideous would be unanimous. Charing Cross bridge 
had never offended him personally. He thought that it was probably 
quite good at the time when it was designed, although it would not be 
built to-day, because it was not an economical design. 

He would like to utter one word of warning, especially to younger 
people. Although the Author’s Paper on aesthetics was a most valuable 
one, it should not influence anyone to strive unduly after beauty. Instead, 
he would suggest that the engineer should refuse to be deflected by one 
hair’s breadth from the object of achieving results with the maximum of 
real efficiency. 

+" Mr. D. T. Lloyd Jones, of Halifax, considered that the two Papers, 
short essays in precept and practice in applied sciences and arts, challenged 
more serious thought than would at first sight be suggested by their 
unassuming titles and the manner of their presentation. In the present 
stirring times of new order in the radical direction of human effort they 
pointed either to the need for new philosophy, or to the revival of funda- 
mentally founded and inescapable philosophy. : 

In the first creation man was created in God’s own image, and was” 


« 
imbued with creative faculties to continue by evolution the development 


of his earthly paradise, according to the Divine plan. ; 
Cycles in world history revealed a recurring sad story. Conscious of 
his powers, man bred arrogance and contempt for ideas other than his" 


self-satisfying own, and sought every so often to create a world of his own’ 


i 


conception, a Tower of Babel. And when men became individualists, 


they did not speak in the same tongue. Such disunity of thought lates 


‘in its train confusion and chaos, and the brave new world of man’s own 


making crashed about his ears. The present world upheaval was one of 
those cycles on the threshold of a new world, and engineers were privileged | 
to bring in a new order. Were they worthy of and equal to their task ? 
The scope of the Papers had been limited to structural engineering, in 
which connexion no happier term could be found than “ order,” the title 
accepted by architects through the ages for that masterly arrangement 
of components which, in the perfection of the art of ancient Greece, raised 
the character of building from the simple service of man’s needs to the 
highest peaks of applied and symbolic art, for our edification and delight. 
The point at which mutual understanding and helpful co-operation 


«*, This contribution, and also the following, were submitted in writing. 
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between engineers and architects might be reached had been discussed 
_ very fully by Mr. Lloyd Jones before the Institution of Structural Engi- 
_ heers in a Paper entitled “The Sixth Order, the Architecture of Con- 
7 crete 1.” 
____In comparison with the architect, the structural engineer was a new- 
_ comer, and he approached the subject from a different angle. The new 
_ term “ Engineer-Architect ” would appear to define fairly well the position 
_ of the master builder in the great traditional classic periods, and was 
_ equally acceptable as describing the field of action of his modern counter- 
part, whether represented by one person or by two or more in collaboration, 
_ each limiting his responsibility to specific portions of the work. Collabora- 
_ tion obviously had its pitfalls in the present days of specialization, unless 
the respective parties had so complete an understanding of each other’s 
_ functions as to be able to undertake individually the entire ‘‘ work” ; 
_ and it was doubtful whether every age produced even one Michael Angelo. 
__ The term “ work ” had been chosen advisedly, because it represented the 
_ fundamental difference of opinion between the engineer and the architect. 
To the engineer work meant performance according to some scale of 
_ power or measure, something functional, done to meet a need which in 
itself was sufficient and proclaimed its purpose openly, whereas the 
_ architect visualized work as an abstract thing, a form of expression 
~ making its appeal almost wholly to the aesthetic senses, and in extreme 
cases so exclusively as to prostitute his art. The argument as to whether 
_ building was a science or an art had done much disservice to both great 
_ professions by ranging their exponents in several camps, in which two 
_ schools of thought predominated, namely, the “ functionalists ”’ and the 
_ “traditionalists.” Generally adherents to the former group were to be 
_ found amongst the engineers, whilst the champions of the latter embraced 
most architects. 
e In his reply to the discussion on ‘‘ The Sixth Order,” Mr. Lloyd Jones 
_ had observed that ‘‘ on the one hand there were the functionalists who 
asserted that that which is plainly constructive and quite obviously 
& performs the functions intended for it, is sufficient in itself, is necessarily 
2 


beautiful because of its fitness, and has no need of adornment, that is 
the mechanical mind in architecture. Opposing, there was the traditional 


camp, in whose Pharisaical view all that is new offends the established 
4 canons of the aesthetic, is in short an outrage to good taste, and whose 
_ exponents should be denounced, and if needs be, crucified in the name of 
art.” 

___ Nothing was so abhorrent to any thinking engineer as frustrated or 
wasted effort. In the coming days of reconstruction every social institu- 
- tion would require to embrace a new order if the sum total of human 
4 


effort were to attain the maximum results. The Author’s timely plea 


3 /1 The Structural Engineer,” vol. 10, p. 496 (Dec. 1932); discussion, ibid., vol. 11, 
p. 386 (Sept. 1933). , 
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that the collateral education and training of engineering and architectura 
students should be undertaken was long overdue, and if instituted without 
delay might well be the means of reconciling sister professions, to their 
mutual advantage. Who could say that, with intimate understanding 
and a unified front, the glory of traditional Greek architecture might not 
even be surpassed ? Even to doubt that was a betrayal of ages of human 
advancement and culture. } 
The underlying principles of design for both function and aesthetic 
appeal were clear to follow and simple of enunciation, and were in fact the 
same. Design might be defined as the shaping of a conception. 
Structurally any design which in its outward form clearly showed the 
method of assembly of its component parts, and their functional motive, 
could be accepted as satisfying, and could therefore be accounted good. 
The vanity of the artist in man, however, sought to idealize his own work 
by further adornment and by the refinement of visual characteristics which — 
were, by some vague quality, pleasing to him; and in the aesthetic design 
he might bring to his aid a further help in the power of symbolism. All 
that could be conceded as perfectly legitimate so long as it did not depart 
materially from the first functional conception. When the aesthetic 
design introduced a new theme, it became insincere and condemned the 
first functional design as something which had failed to satisfy because 
of its unworthiness and should therefore be concealed, from shame. The 
point to be pressed was that the functional was a principal criterion of 
all good art. Yet, strangely, practically all writers on the subject of 
aesthetics subscribed to the heresy contained in Mill’s definition of art 
as “an end in itself or the means to that end.’ In other words, art 
knew no law but that of self-satisfaction. True art was something more 
than the pictorial, and its dependence upon, and correlation to, such 
scientific aspects as function could be easily demonstrated. A piece of 
sculpture exquisitely conceived, skilfully executed, yet grouped without 
regard to balance or poise, could never become recognized as a work of art. 
Many well-known examples were to be found up and down the world. At_ 
all events, it was true that those examples of architecture wherein the 
aesthetic appeal was so great as to place them in the ranks of works of art, 
were satisfactory because a certain fitness of purpose had been achieved ; 
they had remained functionally true. Were that more generally appre- 
ciated, the teachings of Ruskin, great artist as he was, would have been 
better received. Throughout building history, inspiring peaks of excellence 
had been reached by the application of the following two axiomatic 
principles :— 


(1) That constructional necessity lies at the root of all design, for 
no composition can be entirely happy which is insincere 
from the constructional point of view. ‘4 


The characteristic styles of building grouped in the generic title of i 
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“ Architecture”, were not “created” in the minds of dreamers, but 
represented endless toil and experiment in the intelligent and rational 
use of material. And so “ characteristic’ were they that they could be 
readily distinguished as ‘“‘ wood architecture”, “stone architecture’, 
“ brick architecture ”’, “ concrete architecture’, and so forth. 


(2) It is in the intimate understanding of the nature of the material 
handled more than in anything else that true architecture has 
its being. 


That was not to say that all buildings in a given principal material 
would look at all alike. Other influences, such as climate, racial character- 
istics, commercial, recreational, and religious pursuits played their part 
in the requirements of building plan, so that a church, a public building, 
or a factory would never appear to be anything but what it was, no matter 
of what material it might be constructed. If any building or structure 
did not openly proclaim its purposeful existence, it must be of intrinsically 
bad design. : 
_ For the tall chimneys of the Battersea power-station, and for the new 
Waterloo bridge, reinforced concrete was employed as the principal and 
characteristic material ; yet they presented no danger of confusion, and 
both could be regarded as eminently successful aesthetically, because they 
were clothed with material traditional to their respective structural type 
and their visual design followed the forms which those materials liked 
best. 2 
_ From every point of view art would benefit from a better understanding 
of the physical characteristics of the materials employed. That under- 
standing should partake of the nature of a human friendliness, which 
recognized the toil and stress we asked of our servants, sympathetically 
felt the strains they suffered, and cringed under the discomfort and even 
torture to which they were subjected if forced to carry their burdens in an 
awkward and uncomfortable way. The “feel” of a material in that 
way was an unerring instinct in design, of far more value than was generally 
supposed. It might be that we were products of a highly scientific age, 
who worshipped the false gods of utility and economy, and sacrificed 
our better selves upon their altars of analysis and mathematical proof in 
an attempt to justify the rightness of our conceptions. How could the 
genius of a Michael Angelo or a Grinling Gibbons be explained without 
believing that they imbued their materials with human attributes, and 
imparted to those materials a soul with which they could commune. The 
Author’s suggestion that the family of science and art should be re-united 
had much to commend it. Intensive specialization had arisen from the 
complex nature of present-day problems, and no one could doubt that 
the unwieldly number of civil engineering Institutions caring for the 

iterests of several sections of the same profession was not conducive to 
fective collaboration. Mr. Lloyd Jones wished to put forward a sug- 
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gestion which he had often made before, that the parent Institution should 

welcome back home all kindred institutions, accepting their members as — 
its own, and designating each group, including its own, by the particular — 
branch of civil engineering which they were qualified to practise. In~ 
the period of reconstruction which lay ahead such a fusion would be of : 
inestimable value in unifying national effort towards another epoch- 
making renaissance. i 

Dr. David Anderson observed that the Author had touched upon the 
question of the texture of the surface of structures. Dr. Anderson could not 
but think that engineers as a whole had failed to produce a satisfactory ; 
finish to their concrete structures. Some finishes were deplorable from the — 
start, but even others which were more pleasing to begin with, suffered 
very badly from weather, and at the end of, say, 5 to 10 years were very H 
disappointing from the aesthetic point of view. He would like to suggest — 
that The Institution should appoint a Committee to discuss and investi- 
gate the whole question of the finish of concrete structures. One or more 
architects should be invited to join the Committee, as their collaboration 
should be distinctly helpful. 

It might be thought that the middle of a war was hardly the time at 
which to call such a Committee together ; but there would inevitably be 
a large program of construction as soon as the war ended, and prepar- 
ations should be made in the best possible way. 

The Author, in reply, expressed his gratitude to those who had added 
so much to the value and interest of his Papers by their interesting 
contributions to the discussion. 

Professor Inglis’s contribution was so outstanding that it almost 
constituted a Paper of its own. His excellent selection of slides had — 
illustrated many examples of beautiful and ugly bridges, and he had | 
shown, in particular, that many of the ugly bridges were doing their work — 
quite efficiently, thus giving support to one of the points in the Paper, | 
that beauty and scientific efficiency, whilst they might indeed go hand 


————— i el 


_ in hand, were, in fact, under no compulsion to do so, and that whilst an 


engineer who was untrained and uncaring in the aesthetic might indeed 
by chance produce a beautiful thing, the chance was sufficiently remote 
to be one upon which it would be unwise to gamble. 

It would be almost churlish, when the Author was so conscious of the 
debt of gratitude which he owed to Professor Inglis, to disagree with 
anything he had said, but if there was one thing which the Author wished 
to disclaim it was the underlying theme referred to at the beginning of 
Professor Inglis’s contribution. i 

No doubt excellent reasons existed why engineers should “ pull up 
their socks’; but the desire to do so should be actuated by an intrinsic 
love of perfection rather than by a fear of what might happen to them 
if they failed to do their work well. — ; 


In the Author’s view, it was the desire for perfection in the structures of 
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_ the future which should be their concern rather than a question as to what 
_ might happen to the members of one profession or another if they took or 
failed to take a certain line of conduct; and he was quite sure that 
_ Professor Inglis really agreed with that view of the matter. 

E Engineers and architects were, in fact, facing the same problem, and 
- mutual help was undoubtedly the keynote to the solution of the problems 
of the future. Each had so much to give the other that no kind of rivalry 
should receive any support; and if that friendly collaboration were 
carried to its logical conclusion a point would eventually be reached at 
which the two terms, “ engineer’ and “ architect’, would become in- 


_ distinguishable and the theme in the words used by Professor Inglis 


~ would no longer have much meaning; but the general call to engineers 
not to neglect that important aspect of their subject was one which was 
entirely independent and should be independently expressed. Apart 
from that small point, the Author found himself in complete agreement 
with everything Professor Inglis had said. 
zs In thanking Mr. Gribble for his contribution, the Author wished also 
- to express his gratitude for the active assistance which he had received 
_ from Mr, Gribble at the time when the Southern Railway warehouse was 
in process of design and construction. 
. He was pleased to learn that he was wrong in stating that no one had 
_ ever said a word in favour of Charing Cross railway bridge as a thing of 
_ beauty. Apparently one person had now been found who had said a 
- word in its favour, having observed it in the misty evening light of London. 
_ It would be interesting to know whether his appreciation would have — 
been even greater had he observed it during a really dense fog. 
Doubtless the structure was quite efficient from the scientific point 
of view; but with the exception of the individual whom Mr. Gribble’s 
- industry had brought to light, its beauty did not appear to be the quality 
which had attracted most people in their admiration of it. 
g Mr. Unna had expressed the view that Charing Cross bridge was so 
_ universally condemned because people did not understand how it stood 
up; but the Author did not think that that was the reason. He doubted 
_ whether the public took the strength of an arch for granted more than 
the strength of a girder, and indeed the proportions at Charing Cross 
~ bridge were in no sense bold or calculated to throw any doubt upon its 
ability to carry its loads. 

The Author thought merely that the lines were not beautiful in the 
- way that those of an arch or a catenary were beautiful, and that the eye 
- was disturbed by the mass of details in all the bracing and counter-bracing 
_which detracted from a general conception of the main lines of the structure, 
_ just as certain locomotives of continental design, which seemed to have 
all their works on the outside, were less pleasing in appearance than some 
_ of the later British locomotives. 

oh reply to Mr. Peirson Frank’s question, reinforced- concrete columns 
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had stood up extremely well to very heavy high explosive bombs, and _ 
indeed no damage at all had been suffered except to glass. | 
With regard to Mr. Frank’s suggestion that the first Paper should be 
studied by students and the younger engineers, the Author wondered 
whether they had more to learn by a consideration of that subject than 
had some of the older members of the profession. It had been brought _ 


~ to the notice of the Author by one of the former class that when engineering © 


structures which failed to be beautiful had been designed by engineers, it 
was never the students and the younger engineers who were guilty, since ~ 
they had not so far had the opportunity of perpetrating anything, and 
must therefore be free from blame. 

The Author disclaimed any intention of suggesting that the next — 
generation of engineers was less well equipped in those matters than the © 
present one, but he hoped that in a short time they might be much better — 
equipped, in which case perhaps the time which he had devoted to his 
Paper might not have been expended entirely without benefit. | 

The observation of Colonel Howard Humphreys that Mr. George 
Bernard Shaw considered Charing Cross bridge to be the only bridge in — 
London worth looking at, afforded probably the most convincing proof 
that anyone could ask for that ordinary people did not acclaim it as such, — 
and provided one of those few occasions when it was justifiable to say — 
that the exception proved the rule. 

In reply to Mr. Willox, the Author would observe that one advantage 
of discussions upon Papers presented to The Institution was that members — 
could disagree with one another in a friendly way, and he was going to — 
avail himself of that by disagreeing with Mr. Willox. 

He did not think that anything disparaging had been stated in the 
Paper about the Forth bridge, which was a masterpiece for the period 
when it was built. In those days a bridge with a span of 1,760 feet was a 
very wonderful thing: engineering workshops had not the tools or the 
facilities which existed to-day for machining large members, so that many 
of the large compression members had to be built on the site by boiler- 
makers, The Forth bridge was a magnificent achievement, but there was 
no question then of aesthetic choice, because the way in which it was built 
was the only way in which people at that time knew how to build a bridge 
of such a large span ; and when only one design was possible there could be 


_ no choice. That was no reason why some years afterwards people should 
not be entitled to consider the merits, from an aesthetic point of view, of 


that structure in comparison with others; and, if they felt to-day that, 
from a purely aesthetic point of view, the Forth bridge was less satisfactory 
than certain other bridges, for example, the Golden Gate bridge, the Author 
considered that they were entitled to say so without any disrespect to the 
Forth bridge. 

Mr. Willox had urged that students should not be deflected one iota 
from the efficiency of their engineering. No suggestion had been made in 
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the Paper that they should be so deflected. When engineers were not 
dealing with a design where they were striving on the border-line of what 
was possible for a man to achieve, they would find that they had a number 
of alternatives before them. If they were considering a bridge, a number 
of different ways might be available for the solution of a particular 
problem—for example, by an arch, by a girder, or by a suspension bridge 
—and from the engineering and the scientific point of view all of those 
alternatives might be exactly equal in efficiency. Then somebody had to 
settle which design was to be selected, and thus the question of aesthetic 
choice arose. That aesthetic choice should be made by someone who had 
studied the problem and had discovered, by examining the things of the 
past which had been universally pronounced beautiful, the underlying 
principles upon which the beautiful depended. When those principles had 
been discovered much less difficulty would be experienced in deciding 
which of many designs was the most beautiful; and that was a matter 
which would have to come within the scope of the engineer if engineers 
were going to merit and be accorded the responsibility for making the 
ultimate decision. 

Dr. Faber wished to express his appreciation of the observations of 
Mr. Lloyd Jones, which formed a notable contribution to the discussion of 
the subject of aesthetics. 
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Paper No, 5266. 


“Fire Damage and Repairs to a Multi-Storey Reinforced- 
Concrete Factory.” 


By Aurrep Ceci Buck, M.Sc. (Eng.) Assoc. M. Inst. C.E. 


THE factory, as it exists at present, is a two-storey remforced-concrete 
framed structure with the columns at about 20-foot centres both ways 
and with the floors framed up with main and secondary beams. It was, 
however, designed for extension upwards, and the roof was therefore 
calculated for the future floor-load. 

A large quantity of inflammable liquids was stored on the first floor 
towards one end, and the combustion of these liquids was so fierce that 
the sprinkler pipes eventually sagged between the points of support like 
lengths of very slack rope. 

Since it would appear that a temperature of at least 1,000° C. (1,832° F.) 
_ is required to produce this effect, an idea can be formed of the surface 
temperature of the concrete. 


THE PROBLEM. 


The building was erected 3 yearsago. A 1: 2: 4 mix was used through- 
out, with the usual sand and shingle aggregate common to London. In 
spite of the fire the building still stood firmly, and there appeared to be 
no possibility of the collapse of any part; but the heat had caused the 
concrete on the corners of columns and beams to spall away from the bars 
for practically their entire lengths, whilst almost the complete undersides 
of the slabs had peeled off or were flaking, leaving the steel exposed. 
When this unsound material, which had acquired a pink hue, was hacked 
away, the concrete underneath was found to be quite sound. 

At first, this was thought to be the full extent of the damage, and it 
was proposed to attach a light wire mesh to the concrete and build up the 
surfaces by shooting thereon cement and sand with a gun. 

However, on stripping the roof above, it was found that almost all 
slabs had cracked badly across the centres of their spans and for nearly 
the entire length of the panels. It is probable that this was due to the 
tendency of the slabs to expand more at the bottom than at the top, a 
tendency that would be resisted by the less heated upper portion of the 
slabs. In order to relieve this stress, buckling would have to occur, 
and the slabs therefore bowed upwards between the supports, causing 


SL 
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the crack. Owing to the conventional arrangement of reinforcement, 
this would be the movement of least resistance, as any attempt to deflect 
downwards would bring the steel into play in its usual role of resisting 
tensile stresses. The cracks formed have remained and the panels now 
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PART PLAN OF ORIGINAL FLOOR, SHOWING CRACKS. 


exhibit a slight permanent convexity on the top. In some cases this 
cracking is complicated by other cracks running off at an angle (Figs. 1). 

_ Inspite of this damage, the roof was quite stiff, and but for the intention 
to extend the factory upwards it would, no doubt, have been quite satis- 
factory to cut out the cracks to a width of } inch for half the depth of the 
slab, grout up, and treat the soffit as at first proposed. However, in view 
of the future function of the roof, the District Surveyor stipulated that 
either it be propped or the unsound work be cut out and replaced. 
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THE SOLUTION. 


qi 
Propping was not convenient to the owners, whilst the alternative | 
entailed a lengthy and involved procedure. It was therefore proposed 
to lay a new slab directly upon the roof and to reinforce it sufficiently to 
sustain its own weight and the superimposed load. This scheme was 
finally adopted (Fig. 2). ; 
| 
; 
As the form of structural element adopted was a slab of uniform 
thickness supported only at the columns, the usual flat-slab formulas 
could not be applied, and a method of calculation had to be devised. 
This is necessarily approximate, as no rigorous mathematical process 
exists for the solution of such slabs. The procedure outlined is based 
upon assumptions which intuition suggests are reasonable when the 
arrangement of the reinforcement and the detail design are considered. _ 
The procedure adopted was to subdivide the floor in a manner similar 
to the flat-slab two-way system. The column-strips were given a width 
of one-third the spacing of the column centres, and were treated as a_ 
system of continuous beams. As the punching shear measured on the 
circumference of the column was excessive, the existing beams had to 
take a certain proportion of the slab reaction in shear. Accordingly, 
and in common with flat-slab practice, the effective span of strips was 
assumed to be rather less than the spacing of the column centres, and was 
taken to be equal to L — Bee, where L denotes the distance between 


THE CALCULATIONS. 


column centres, a the width of the column-strip, and 6 the width of the i 
column. The load carried was taken to be proportional to the shaded 
area ABCD (Fig. 3), or half the panel load, and was assumed to be uniformly 
distributed. 

The middle strips were uniformly reinforced across their widths in 
accordance with this assumption. To obtain the moments in these strips, 
they were also treated as continuous beams, but with the load applied on 
§L, and a uniformly-distributed reaction from the column-strip on 4Z 
(Fig. 3). The load thus carried was taken as half the dead weight plus 
superimposed load, the remaining half being carried by the middle strip 
at right angles thereto. 

This network of continuous beams, deriving its support from the column- 
strips, is at these points subject to variations of level depending upon the 
fluctuation of loading. A condition of loading was then chosen which 
would give the maximum relative deflexion between the ends of a given 
middle strip while carrying its full load. The loading arrangement was 
therefore taken to be symmetrical about a column-strip which carried no 
superimposed load directly, the floor elsewhere being fully loaded (Fig. 3). 
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Calculated on this basis, the maximum moments at the supports and 


039WL and + 0-029WL respectively, 


centre of a middle strip are — 0- 


assuming an in 


For an end. 


definite number of spans in each direction. 
span the moments are not very different, and the same values may be used. 
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Attention to practical details will effect a closer approximation between 
theory and practice. The area at the centre of each panel formed by the 
intersection of the middle strips was treated as for a hollow-tile floor, 
owing to the relatively small moments carried. Instead, however, of 
hollow tiles being used, precast cores of lightweight concrete of 10:1 
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mix were adopted. This treatment has also the important advantage 
of decreasing the dead weight of the slab by 12 Ib. per square foot. 
With the procedure described, it is found to be possible to allow for 
openings in the floor more conveniently than with flat-slab design, 
clan incidentally, this scheme is not very different from sunk panel 
esigns, - . 
A complete table of moments is included in Figs. 4. Comparison of 
these with values from flat-slab formulas shows that they are a. little 
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more severe, but not unduly so when it is remembered that no continuity 
with the columns is provided for. = 
__ A criticism concerning the placing of the new slab directly upon the 
_old lies in the assumption that the deflexion of the new slab is unrestrained. 
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As a practical convenience, it was not possible to allow for this, and it 
follows that the damaged slabs and beams will tend to carry some of the 


load. The safeguard is that any tendency to failure of any part will be’ - 


immediately relieved by the superimposed slab. 

A further criticism is that the existing columns and foundations will 
be called upon to carry ultimately a load for which they were not designed. 
The first-floor columns were strengthened by increasing their size to that 
of the columns below—an alteration that was undertaken chiefly because 
of the damage to the concrete caused by the fire. The ground-floor 
columns were tested for the strength of the concrete by means of a “‘testing- 
pistol ’’—a useful instrument for checking in-situ concrete. These columns 
possessed an ultimate crushing strength ranging from about 5,000 to 6,000 
lb. per square inch. Taking the lower value, a safe working stress of 
1,250 lb. per square inch may be allowed, with a factor of safety of 4. The 
increase of 16 per cent. of the original estimated load due to the new slab 
was therefore not serious, as the columns had been designed for a stress of 
750 Ib. per square inch. 

Finally, the maximum ground-pressure under the column bases was 
increased by about 14 per cent., which entailed an increase in pressure 
from 3-5 tons per square foot to 4-0 tons per square foot. As the bases 
were understood to be founded on a compact ballast, this increase was 
allowed. 


CoMMENTs. 


The process described has the merit of simplicity in construction, as 
no shuttering is required. Its principal disadvantage is the increase in 
dead weight involved. It may be that, as in this case, the columns will 
be found adequate for the task; but the foundations are not so simple, 
and any increase in excess of 5 per cent. demands a special knowledge of 
the subsoil in order to decide whether it is justifiable. In this instance, 
the contractors who undertook the repairs also erected the building. 


The Paper is accompanied by four sheets of drawings, from which the 
Figures in the text have been prepared. 
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Paper No. 5267. 
“ Repairs to a Reinforced-Concrete Reservoir.” 
By Joun Francis HaAsE.pine, M.C., M. Inst. 0.B. 


THE structure in question is a reinforced-concrete covered service reservoir 


_ containing, when full, 12 feet of water. The walls are 12 inches thick at 
__ the base and 8 inches thick at the top, and at the point where the damage 
_ occurred 11 feet of the structure is above the natural surface of the ground. 


The concrete structure is enclosed in an earth bank with a slope of 1 in 2, 
and the reinforced-concrete roof, which is 6 inches thick, is covered with 
1 foot 6 inches of earth and gravel. 

A bomb fractured the wall, buckling about two and a half bays of the 
roof and fracturing the concrete at the top and bottom of two reinforced- 
concrete columns, which were also forced out of the perpendicular. A 
portion of the floor under the damaged roof was punched down by the 


_ explosion and cracked. 


The reservoir attendant was on the site immediately after the damage, 
and measured the depth of water, which was found to be 10 feet 3 inches. 
He continued to measure the depth from time to time, and found that the 
reservoir was not losing water; the earth bank, which was of a clayey 
nature, was evidently retaining it. No further water was put into the 
reservoir, which was allowed to empty by gravitation to the district of 
supply. No water was lost. 

At first sight the obvious method of repair appeared to be to cut all 
the reinforcement with shears, remove the debris, and reconstruct the 
damaged portion ; but after further consideration it was decided to break 
the concrete from the steel, and this was done by small pneumatic chisels 
and hand hammers. When this had been done it was found that most 
of the steel was sound, although bent; and it was straightened out in 
place, only fractured bars being replaced with new, to the extent of 


| approximately 10 per cent. of the total steel in the reinstatement work. 


As the straightened steel was not in such perfect lines as it had been 
in the original wall, it was thought advisable, in order to ensure ample 
cover of concrete over steel, to thicken the concrete by 3 inches on each 
face, and this also allowed the new concrete to overlap the old concrete 


on both the inside and outside faces at the junction with the old work. 


The two damaged columns were forced into the upright position, and 
were encased in concrete 3 inches thick with some light wire-reinforcement. 
The damaged floor was covered with a mat of concrete 3 inches thick. 
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One of the roof beams was rebuilt with new steel to the original 
dimensions, and in the other the steel was straightened and the concrete 
slightly thickened. The repairs were carried out, working a normal 
48-hour week, by a foreman, a working ganger, and six men. Test has 
proved the work to be sound and watertight. 

The damage occurred at the position of a 10-inch inlet pipe and the 
puddle-flanged pipe in the wall was fractured ; to wait for a new puddle- 
flanged pipe to be cast might have caused unnecessary delay; therefore 
a 10-inch ordinary pipe was cut and jointed so that the face of the socket 
came in the wall in the position in which the puddle-flange had been 
situated, and the outer coating of the pipe was burnt off where it was built 
into the wall. 


The Paper is accompanied by one sheet of drawings, from which the 
Figure in the text has been prepared, and by three photographs. 
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CHARLES GEORGE DU CANE, 0.B.E., was born at Willingale 
Rectory, Essex, on the 20th March, 1879, and died in a nursing home at 
St. Albans, Herts, on the 4th March, 1941. He was educated at Win- 
chester College and Cambridge University. He served his engineering 
pupilage with Messrs. Crompton & Company, of Chelmsford, where he 
was engaged in the construction of electric locomotives and in general 
mechanical work, and also received training, as an assistant to Messrs. 
Sir John Wolfe Barry and Partners, in general parliamentary work and 
in the design and construction of bridges, docks, and reservoirs. He 
served as assistant engineer to the firm on the dock extensions at Middles- 
brough, and in 1905 was appointed resident engineer. Later he was 
engaged for the firm on parliamentary work, chiefly in connexion with 
the London Outer Circle Railway. In 1910 he became chief engineer to 
Messrs. Norton Griffiths & Company, Ltd., of Vancouver, British Columbia, 
and his activities included the design and construction of reclamation 
works at Vancouver. In 1912 he practised as a consulting engineer in 
the firm of Messrs. Du Cane, Dutcher and Company, at Vancouver, and 
was responsible for the design and construction of hydro-electric plant at 
Kamloops, and for water-supply, electric lighting, irrigation, and land 
drainage in Canada, including complete surveys and estimates for the 
Calgary—Fernie Railway. 

After the outbreak of war in 1914 he was appointed a Superintending 
Engineer, being gazetted with standing as a Commanding Royal Engineer, 
and constructed a camp at Witley, Surrey, for the Aldershot Command. 
In 1915 he went to Russia on reconnaissance and negotiations for the 
Murman Railway, and in the same year was commissioned in the Royal 
Engineers, and, after road construction work with a Labour Battalion, 
became Water-Supply Officer to the Third Army. He formed and 
commanded the 352nd Electrical and Mechanical Company, Royal 
Engineers, and later served on the staff of the Engineer-in-Chief, at General 
Headquarters, as water-supply officer for liaison with the five armies. 
He was mentioned in dispatches, and in 1918 was awarded the O.B.E. 
(Military Division). He was demobilized in March, 1919, with the rank 
of Lieutenant-Colonel, and in April travelled to India as the representative 
of Messrs. Sir John Wolfe Barry and Partners to report on harbours for 
the Madras and Mysore Governments. In 1922 he became a partner in 
the firm, who acted as engineers to the London and North Eastern Railway 
for the new fish dock at Grimsby and its equipment, at a total cost of 
more than £1,700,000, In addition, he was one of the Consulting Engineers 
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and Agents for the Bombay Port Trust and the Aden Port Trust, and was 
also a partner in the firm of Messrs, Fox and Mayo, consulting engineers. 
Mr. Du Cane was elected an Associate Member of The Institution on 
the 4th December, 1906, and was transferred to the class of Member on 
the 14th December, 1920. He served on the Council of The Institution 
from November, 1938, until his death. He was a Member of the Institution 
of Mechanical Engineers, a Member of the Engineering Institute of Canada, 
a Member of the Smeatonian Society of Engineers, and a Member of the 
Association of Consulting Engineers, being Chairman of the latter in 1939. 
In 1902 he married Margaret Sarah, daughter of the late W. John 
George Child, of Stallington Hall, Staffordshire, and had one daughter. 


PROFESSOR BERNARD PARKER HAIGH, M.B.E., D.Sc., was 
born in Edinburgh on the 8th July, 1884, and died at Greenwich on the 
18th January, 1940. He was educated at Allen Glen’s School, Glasgow, 
and at the University of Glasgow, where he graduated with distinctions 
in electrical and mechanical engineering and in experimental physics. 
He then served a 5-years’ apprenticeship with Messrs. Bruce Peebles & 
Company, electrical engineers, of Edinburgh, during the last 2 years of 
which he was personal assistant to Mr. J. L. la Cour, the Company’s chief 
engineer in the design, installation, and testing of equipment for sub- 
stations. In 1909 he became leading draughtsman with Messrs. Brown 
Brothers, Ltd., and was engaged on the design of steam and hydraulic 
steering gear, and on the development of electrical steering gear, in 
connexion with which he took out several patents. He later served as 
assistant to the late Professor Archibald Barr, M. Inst. C.E., at Glasgow 
University until 1913, when he was appointed lecturer and assistant 
professor at the Royal Naval College, Greenwich, under Sir James B. 
Henderson, upon whose retirement in 1921 Haigh was appointed Professor 
of applied mechanics. During the great war he worked both at the College 
and at Portsmouth for the Admiralty, and in collaboration with Com- 
mander Sir Charles Dennistoun Burney, C.M.G., the designer, made 
possible the application of the paravane. After the war he made extensive 
investigations into the fatigue of metals, and designed the Haigh electro- 
magnetic fatigue-testing-machine, which found wide adoption in engi- 
neering laboratories. His activities also covered the design of structures 
by reference to the yield-point of materials, vibration, hydraulics, wire 
ropes, and the development of tensile and other testing-machines. He 
was a member of the Air Research Council, and also served on a number 
of Committees of the Admiralty and the Royal Air Force, and on various — 
panels of the British Standards Institution. At the outbreak of war in _ 
1939 he was appointed Scientific Adviser to the Engineering Research 
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Laboratory of the Admiralty; and at his funeral service in the Chapel 
College, the Archdeacon of the Fleet mentioned that Haigh had sugges 
the method which was adopted for overcoming the magnetic mine. I 
conformity with Admiralty regulations, he also engaged in private practic 
as a consultant, and participated in the design of important hydrauli 
power developments abroad, particularly in regard to penstocks worki 
under abnormal heads, and in the practical development of electri 
welding. He was the Author of numerous Papers on engineering subjects 
on fatigue of metals, and on welding practice. 

Professor Haigh was elected as Associate Member of The Institution 
on the 7th March, 1911, and was transferred to the class of Member on — 
the 4th April, 1922. 

In 1915 he married Mildred Cole, and had one son. 


HENRY SELBY HELE-SHAW, F.R.S., was born at Billericay, 
Essex, on the 29th July, 1854, and died at Ross-on-Wye on the 30th 
January, 1941. He was educated privately, and commenced his pro- 
fessional training as an apprentice to Messrs. Roach and Leaker at the 
Mardyke Engineering Works, Bristol. After a short engagement with 
Messrs. G. K. Stothert & Company, he was awarded a senior Whitworth 
scholarship in 1876 and commenced studies at University College, Bristol. 
In 1877 he gained a Second Whitworth prize of £60, and in 1878 and 1879 
First Whitworth prizes of £100 each ; as a result of these successes he was 
awarded a Final Whitworth prize of £200 as the student who had obtained 
the highest examination marks while holding a 3-years’ scholarship. 
During that period also he was awarded a Miller scholarship by The 
Institution for a Student’s Paper entitled “Small Motive Power.1” In 
1881 he was appointed the first Professor of Engineering at University 
College, Bristol, and in 1885 was chosen for the Harrison Chair of Engi- 
neering at Liverpool University, and the foundation of the Walker 
engineering laboratories owed much to his efforts. He also became 
Chairman of the management committee of the Liverpool School of 
Technology. It was at Liverpool that he made his famous experiments 
on the streamline flow of liquids, which gained for him the Fellowship 
of the Royal Society, and that he designed his well-known multiple-disk 
clutch. In 1903, he went to South Africa as the first Professor of Civil, 
Mechanical, and Electrical Engineering in the Transvaal Technical 
Institute, of which he became Principal in 1904 ; in 1905 he was appointed 
Organizer of Technical Education in the Transvaal. 

On his return from South Africa in 1906 he set up a consulting practice 
in Westminster, whilst also developing various inventions, including his 


1 Minutes of Proceedings Inst. C.E., vol. lxii (Session 1879-80, Part IV), p. 290. 
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hydraulic variable-speed gear, the Victaulic pipé-joint, the streamline 
filter, integrators, and pumps; his more recent important work was on 
variable-pitch airscrews. He was the Author of about one hundred 
Papers on mathematical, physical, and engineering subjects, contributed 
to the numerous scientific bodies of which he was a member: to The 
Institution he contributed Papers entitled “The Measurement of Velocity 
for Engineering Purposes 1,” and “ Mechanical Integrators 2,” for the latter 
of which he was awarded a Watt gold medal and a Telford premium. 
Awards from other bodies included the gold medal of the Institution of 
“Naval Architects and the silver medal of the Royal Society of Arts. 
_ He was elected an Associate Member of The Institution on the 7th 
December, 1880, and was transferred to the class of Member on the 5th 
April, 1887. He served as President of the Liverpool Engineering Society, 
‘of the Institutions of Automobile and Mechanical Engineers, of the 
Association of Engineers-in-Charge, and of the Society of Model and 
Experimental Engineers ; whilst during the great war he was Chairman 
of the Aircraft Sub-Committee. 
In 1890 he married Ella Marion, daughter of the late Mr. 8. G. Rathbone, 

J.P., and had one son, who was killed on the Somme in 1916 while serving 
with the Royal Flying Corps, and one daughter. 


1 Minutes of Proceedings Inst. C.E., vol. lxix (Session 1881-82, Part III), p. 290. 
2 Tbid., vol. Ixxxii (Session 1884-85, Part IV), p. 75. 


CHARLES PRATT SPARKS, C.B.E., was born at Kensington on 
the 13th May, 1866, and died at Worthing, Sussex, on the 7 th December, 
1940. He was educated at Repton School, and received his early technical 
training at the Hammond Electrical Engineering College (now Faraday 
House). In 1883 he became an engineering pupil of the Ferranti- 
Hammond Company, for 2 years, and in 1885 was appointed assistant to 
the late Dr. 8. Z. de Ferranti, M. Inst. C.E. In 1887 he entered into 
partnership with Ferranti and Mr. Francis Ince, and the firm, known as 
§. Z. de Ferranti & Company, carried on business in London and Paris. 
Subsequently he was appointed a director of the firm of 8. Z. de Ferranti, 
Ltd. From 1886 to 1891 he had charge, under Ferranti, of the Grosvenor 
Gallery lighting station and distribution mains, and also supervised the 
erection of additional plant in the station. The business was transferred 
to the London Electric Supply Corporation, and during the erection of 
the Deptford Power Station he was Ferranti’s deputy and collaborator 
and was actively involved in all branches of this development, including 
the laying of the first 10,000-volt transmission main and the equipment 
of the main substation. In 1891 he became Works Manager for the - 
Ferranti Company, and executed contracts for the manufacture and 
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erection of engines, alternators, and electrical equipment for many power 
stations. In 1899 he severed his connexion with Ferranti and becam 
Chief Engineer of the County of London Electric Supply Company. In 
the same year he set up a consulting practice, in which he was later join 
by his brother, Colonel H. C. Sparks, and his son, Captain A. C. Sparks 
and carried out much work in connexion with the electricity-supply 
industry and the erection of industrial power plants for collieries, notably 
the Powell Dufiryn Company, metalliferous mines, and mills in vario 
parts of the world. He was associated with the St. James’ and Pall Mall 
Electric Lighting Co. for many years, and later joined the Boards of th 
London Associated Electricity Undertakings, and the London Power 
Company. During the War of 1914-18 he was engaged in important 
work for the Government. In 1920 he was appointed a Commander of 
the Order of the British Empire. 

'  -Mr. Sparks was elected an Associate Member of The Institution on the 
6th March, 1894, and was transferred to the class of Member on the 30th 
January, 1900. He was President of the Institution of Electrical Engi- 
neers in 1915 and 1916, and also served as President of the British Electrical — 
and Allied Industries Research Council and as Vice-President of the British 
Electrical and Allied Manufacturers Association, whilst in 1937 he was 
President of the Smeatonian Society, 

In 1890 he married, at Rottingdean, Mabel Florence Thacker, and 
leaves four sons and one daughter. 


EDWARD BROUGH TAYLOR was born in Pimlico on the 4th 
August, 1856, and died at East Molesey, Surrey, on the 7th February, 
1941. He was educated at King’s College, London, and received his early 
engineering training as a pupil with Messrs. James Simpson & Company, 
of Grosvenor Road, Pimlico, and in the office of his father, Mr. John 
Taylor, M. Inst. C.E., by whom he was placed in charge of extensive works 
for the Bristol Waterworks Company. In 1882 he was taken into partner- 
ship in the firm of Messrs. John Taylor and Sons, and on his father’s 
death, in 1891, he became senior partner, a position which he retained for 
50 years. In addition to his advisory activities for the Bristol Waterworks 
Company, he designed and carried out extensive works for the Colne 
Valley, Chatham, Aldershot, and Herne Bay Water Companies, all of 
which obtained their supplies from the chalk, of which formation he had 
made a close study, becoming a recognized authority upon it. He also” 
advised numerous other water undertakings in England and Wales, and 
was frequently retained to give evidence before parliamentary committees. 
He was one of the principal witnesses in the prolonged arbitration pro-— 
ceedings in connexion with the formation of the Metropolitan Water 
Board. For many years he advised the Shanghai Waterworks Company, i 
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specially in regard to its extensive pumping-plant, and also visited 
Newfoundland, Genoa, and Russia in connexion with the augmentation 
nd purification of water-supplies. More recently he designed waterworks 
for the City of Karachi, India. 
__ Mz. Taylor was elected an Associate Member of The Institution on the 
Ist February, 1881, and was transferred to the class of Member on the 
4th February, 1890. He was also a member of the Institution of Mechanical 
Engineers and a Fellow of the Geological Society. 
_ In 1880 he married Frances Bishop Hicks, and had two children who 
died in infancy ; his wife pre-deceased him by 35 years. 


CHARLES HUMPHREY WINGFIELD was born on the 20th May, 
1855, at Glatton, Huntingdonshire, and died on the 15th February, 1941, 
in Edinburgh. He was educated at private schools and at Haileybury 
College. At the age of 18 he was apprenticed to Messrs. J. and H. Gwynne 
at the Hammersmith Ironworks, and as a draughtsman he was engaged 
on exceptionally large centrifugal pumps for the Ferrara reclamation 
scheme in Italy and on pumping plant for the Hyderabad water-supply. 
In 1877 he joined Messrs. James Simpson & Company, of Pimlico, and 
ater in that year was engaged in the design of hydraulic machinery with 
Messrs. Thomas Owens, of Whitefriars. In January 1878 he became an 
sngine draughtsman for Messrs. John I. Thornycroft & Company, and 
n 1882 was placed in charge of the firm’s steam engineering department. 
in that capacity he was intimately concerned with the design of H.M.S. 
Speedy, the first large vessel in the Navy to be fitted with the Thornycroft 
vater-tube boiler, and was responsible for the design of machinery, 
mgines, boilers, etc., for the torpedo-boats, destroyers, and other craft 
ntroduced and manufactured by the firm. He held that position until 
(901, when he obtained a similar position with Messrs. Willans and 
Robinson. Subsequently he commenced to practise as a consulting 
mgineer, specializing in legal work, and acted as an arbitrator in engi- 
leering disputes. He represented the British Government on the inter- 
ational jury on steam engines and allied machinery at the Brussels 
xhibition, and at the Turin exhibition he presided over the international 
ury on prime movers. He also acted as Secretary of The Institution’s 
ommittee on tabulating the results of steam-engine and boiler trials from 
is inception in 1913. During the war of 1914-1918 he was engaged for 
he Ministry of Munitions on the manufacture of shrapnel shell and on the 
upply of forgings for the national ordnance factories. He was also 
ecretary of the committee for the disposal of obsolete components, and 
quipment officer for the Coventry Ordnance Works and the Austin 
[otor Company, Ltd. On the conclusion of the war he retired from active 


ractice. 
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Mr. Wingfield was elected an Associate Member of The Institution on 
the 5th April, 1881, and was transferred to the class of Member on thi 
21st April, 1896. For a number of years he took an active part in the 
preparation of the “‘ Engineering Abstracts ” published by The Institution 
He was a prolific contributor to the technical press and to the discussions 
on Papers presented to The Institution and to the Institutions of Mechanical 
Engineers and Naval Architects. . 

In 1888 he married Marian, eldest daughter of Mr. William Stewart, 
of Belfast, and had one daughter. 
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ABSTRACTS OF THE CURRENT TECHNICAL 
LITERATURE OF ENGINEERING AND 
_ APPLIED SCIENCE. 


ENGINEERING CONSTRUCTION. 


Dynamic Stress Analysis of Railway ‘Bridges. R. K. Bernwarp 
(*Proc, Amer. Soc. Civ. Engrs., 67, 47-59; Jan. 1941)—The Author 
presents a simple method of determining the stresses in a railway bridge 
due to dynamic impact, with the aid of nomographic charts. For the 
sake of simplicity, the method is applied only to such conditions as often 
occur in designs, say, of single-track simple spans ranging from 60 feet 
to 300 feet in length. It is assumed that, as a steam locomotive crosses 
such a span at the “ critical speed,” the greatest vibrations are set up by 
the action of the free and unbalanced centrifugal forces of the moving 
parts, If the damping capacity of a vibrating structure is known, the 
true value of the stresses due to impact can be read from the charts. The 
Author gives a worked example, showing the advantages and the limita- 
tions of the method, and makes a comparison with the impact percentage 
of standard specifications, 


Erection of Twin Cantilevers by Balancing for the Baton Rouge 
Bridge. EH. L. Dunne and L. F. Kirxiny (*Engng. News-Rec., 126, 
12-15 ; 2 Jan. 1941).—The main river bridge is a twin cantilever structure 
comprising two 490-foot end anchor spans, a central anchor span of 650 
feet, and two cantilever spans of 848 feet each, which contain suspended 
sections of 396 feet. The trusses are 124 feet deep at the piers and 62 feet 
deep at the centre. The Louisiana and Arkansas railway is carried 
between the trusses and the highways, designed for two lanes of H-20 
loading, are carried outside on plate girder brackets. The presence of 
deep water and deeper mud at the site rendered falsework in the stream 
impracticable, and the steelwork was therefore erected each way for the 
piers, guy derricks starting the work and assembling travelling cranes, 
which then continued it: this scheme necessitated accurate balance 
salculations and elaborate precautions, which are described. The total 
sost of the bridge, including highway and railway Bppronches,-¥ was nearly 
$9,500,000. 


Norzs.—An asterisk prefixed to a reference, thus Pigs Amer. Soc. Civ. Engrs. a 
lenotes that the article is illustrated. 

The abbreviated titles of periodicals are those used in the ‘‘ World List of Scientific 
pepcical ” (Oxford, 1934). 
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Fire Damage to the General Mills Building (Buffalo, N.Y.), and its: 
Repair. J. Frucursaum (*J. Amer. Concrete Inst., 12, 201-250; Jam. . 
1941).—The repair of this cereal factory, which was seriously damaged by 
fire in February 1940, presented many unusual problems, including the. 
replacement of large portions enclosed on all sides by parts of the building 
still remaining intact. The structure is nine storeys high, 316 feet 6 inches 
long, and 76 feet wide. Most of the floors are of flat-slab reinforced- 
concrete construction, with drop panels and column capitals ; the remainder 
of the structure is of the beam and girder type ; all the columns are spirally 
reinforced. The available published information on the effect of heat on 
the strength of concrete and steel was insufficient to permit determinatio 
of what should or should not be replaced in border-line cases. A complete 
series of tests was therefore made, details of which are given. Check tests 
were made of loading and deflexion on repaired panels, and careful records 
were kept of the progress made and of costs. 


Comparative Tests of Silt-Samplers. D. 8. Jenxins (*Cw. Engng., 
N.Y., 11, 2-6; Jan. 1941).—Instruments for silt-sampling have been 
used and modified by numerous investigators throughout the United 
States, and the field has been reduced to a relatively few types. The 
Author describes tests made on five of these types on the Brazos River 
near Waco, Texas. They comprise: (1) the Tennessee Valley Authority 
sampler, a weighted cylindrical rule resembling a hollow sounding-weight, 
with an exterior flap at each end ; (2) the Tait-Binckley sampler, a hollow 
tube with interior valves ; (3) The Eakin sampler, a vertical cylinder with 
a sleeve valve; (4) the U.S. Geological Survey sampler, consisting of a 
1-pint milk bottle held vertically in a weighted metal sleeve suspended on 
a rope or sounding-cable ; (5) the Faris sampler, a narrow-necked 8-ounce 
bottle held vertically in a light metal cut fastened to a standard current- 
meter hanger on which a sounding-weight can be suspended. The result 
of the tests are plotted in curves. | 


Hydraulics of Sprinkling Systems for Irrigation. J. E. CoRIsTIANSEN 

(*Proc. Amer. Soc. Civ. Engrs., 67, 107-124 ; Jan. 1941).—Portable systems 
for sprinkling crops were first used in the Sacramento valley, California, 
in 1931, and in 1932 the Division of Irrigation of the University of Cali- 
fornia began a study of sprinkling, to determine (1) the hydraulic character- 
istics of rotating sprinklers ; (2) the loss of water by evaporation ; (3) the 
hydraulic characteristics of sprinkler lines ; (4) the cost of applying water 
by sprinkling ; (5) the general success of sprinkling as a method of irrigation. 
The Author describes the tests made and presents the results obtained. 


Construction of the Hydro-Electric Development at La Tuque, 
Quebec. J. A. McCrory (*Engng. J., 24, 54-63; Feb. 1941).—The La 
Tuque development has an installed capacity of 178,000 horse-power at 
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the point of maximum efficiency, and is capable of delivering 192,000 horse- 
power at full gate. It is the fifth station built on the St. Maurice river 
since the construction of that at Shawinigan Falls forty years ago. The 
Author describes first the testing of model turbine runners, which has 
been carried out continuously since 1929, and gives comparative results 
and power-efficiency curves. A detailed description is given of the power- 
station, which contains four units, each rated at 44,500 horsepower, 
connected to 11,000-volt, 60-cycle generators rated at 40,000 kilovolt- 
amperes at 90 per cent. power-factor, and of the constructional works. 
The dam is 1,337 feet long from end to end and is a concrete structure of 
the gravity type, with five main sluices, two regulating sluices, and a log 
sluice. Construction of the works was begun in March 1938, and the 
final unit commenced to deliver power on the 26 November, 1941. Three 
units have been operating at full load almost continuously since the 
power-house was put into service, delivering 37,000 kilowatts each, and 
at times all four units have been in operation, with a total load of 142,000 
kilowatts. 


MECHANICAL ENGINEERING. 


Investigation of Steam-Turbine Nozzle and Blading Efficiency. 
F. Douuin (*Proc. Inst. Mech. Engrs., 144, 147-158 ; Feb. 1941).—The 
Author describes the essential characteristics of the passages forming the 
fixed and moving elements of multi-stage high-efficiency impulse or reaction 
turbines. He discusses problems of nozzle investigations by static and 
dynamic methods and gives a detailed description of a new reaction-type 
static nozzle-tester and of investigations made with it, the results of which 
are plotted in curves. He discusses the significance of the static (nozzle) 
efficiency and the dynamic (turbine) efficiency, and points out the essentially 
different way in which they are affected by the discharge angle. He 
derives a mathematical expression for the relation between static and 
dynamic efficiency for 50-per cent. reaction blading as a function of the 
discharge angle, and applies this, in conjunction with the Reynolds 
number, to demonstrate the unity and consistency of static and dynamic 
test results which at first sight seem to be conflicting or unrelated. 


A 100-kilowatt A.R.P. Oil-Engine Installation. (*Oil Engine, 8, 
264-265 ; Feb. 1941.)—In the installation described, it has been possible, 
by the employment of a spring mounting system, to provide a plant which 
cannot transmit its vibration to the building, and to install two sets of 
engine and alternator without making so much as one bolt-hole in the 
floor. Each engine and alternator is secured to a common base-plate, 


which is in turn bolted to a reinforced-concrete block suspended by bridge 
pieces above twelve coiled springs. Each set comprises a Paxman-Ricardo — — 


four-cylinder 80-brake-horse-power engine with cylinders of 53 inches bore 
Bib 
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and 7 inches stroke, working at 1,000 revolutions per minute and coupled 
through a flexible drive to a Crompton-Parkinson 66-6-kilovolt-ampere 
three-phase alternator with tandem exciter. The working pressure is 
400 volts. From the A.R.P. point of view, the use of outdoor cooling 
tanks was undesirable. Accordingly special precautions were taken in 
regard to the cooling and ventilation arrangements, and the combustion 
air for the engines ; whilst precautions were also taken in silencing at the 
air inlet points and the exhaust discharge outside the premises. Labelling 
and identification of the equipment is such that the plant could be operated 
safely by persons other than the regular staff, some of whom might be 
temporarily prevented from attendance by conditions outside the premises. 


Standing Locomotive Tests on the New York Central Railway. 
W. F. Coxuins (*Rly. Age, Chicago, 110, 177-181 ; 186 ; 18 Jan. 1941).— 
The Author describes the general arrangement of a locomotive on a recent 
standing test made in the engine-house at Selkirk, N.Y., and presents the 
results obtained. In each case identical test conditions prevailed for 
each series of tests, so that the results are comparable: they concern 
particularly tests of a smoke-box arrangement for a modern coal-burning 
steam locomotive. Investigations were made of the effect of changin 
the diameter of the chimney, of the effect of the impingement of the 
steam-jet upon the chimney ; of the effect of variation in the length of 
the exhaust nozzle; of the exhaust pressure; of heat-absorption and 
combustion; and of rates of evaporation. The results are plotted i 
curves, and consequent improvements in design are illustrated. 


The Axial Adjustment of Deep-Well Turbine Pumps. M. P. 
O’Brien and R. G. Fousom (*Univ. Calif, Engng. Pubs.,4, 19-26 ; 1940).— 
The Authors describe tests made at the Pump Testing Laboratory of the 
University of California upon four new semi-open impeller pumps, a slightly- 
used semi-open impeller pump, and six new closed impeller pumps; the 
ratings and dimensions of these pumps are tabulated. The results are 
plotted in curves: they show that the characteristics of new deep-well 
turbine pumps are affected by variations in axial adjustment and clearances 
in the following manner :—(1) the head, discharge, power, and efficiency 
of normal deep-well pumps with closed impellers is not measurably affected 
by axial clearance within the possible range of adjustment; (2) at con- 
stant head, the efficiency, power, input, and discharge of deep-well pumps 
with semi-open impellers decreases with increase in axial clearance ; 
(3) closed impellers equipped with sealing devices for taking up wear by 
axial adjustment exhibited a sensitivity to axial adjustment similar to, 
although less than, that of the semi-open impeller. The Authors conclude 
that deep-well pumps designed to take up the effects of wear by axial 
adjustment must be carefully adjusted to obtain the optimum character- 
istic ; those not so designed are not sensitive to axial position. . 
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A New High-Speed Thermal Wattmeter. J. H. Mituer (*Elect. 
Hingng., N.Y., 60, Trans. section, 37-40; Jan. 1941)—The Author 
describes a thermal converter of the type which produces at its output 
terminals a millivoltage proportional to the polyphase power connected 
to its input terminals, the connexion being made as for a wattmeter. 
High-speed response is secured through the use of a new circuit network 
wherein the thermocouples function also as heaters. A response-time of 
the order of 4 second is obtained. The use of nickel-alloy transformer 
cores saturating at overloads broadens the overload capacity of the thermal 
unit. The Author states that the combination of rapid response and low 
output resistance suggest a wide field of usefulness for the instrument. 


Automatic Detection of Incendiary Bombs. (*Elect. Times, 99, 55 ; 
23 Jan. 1941.)—When incendiary bombs ignite they burn with an intense 
light, and this fact enables an automatic method of detection by photo- 
electric cells to be employed. A description is given of such a detector, 
comprising a selenium cell in a bakelite housing and a control unit, with a 
bell for the alarm circuit. The detector cell is housed in darkness, or 
semi-darkness, in a top floor-space where it can receive direct or reflected 
light from a bomb anywhere within a radius of 30-40 feet. The apparatus 
is designed to ignore slow light changes such as the normal increase and 
decrease of subdued daylight, but is affected by sudden changes of light 
or flashes. 


The Arc Welding of High-Tensile Alloy Steels. (*Zrans. Inst. 
Welding, 4, 3-21; Jan. 1941.)—A report of a sub-committee of the 
Institute appointed in 1938 to investigate problems in the welding of high- 
tensile steels of medium and high alloy content, as distinct from low-alloy 
structural steels, is presented in the form of three Papers. In the first. 
‘pp. 3-9) Dr. E. C. Rollason describes tests made on two steels, containing 
espectively 6 per cent. chromium with 0:5 per cent. molybdenum, and 
34 per cent. nickel-chromium-molybdenum. In the second Paper (pp. 9- 
(6) Dr. Rollason and Mr. A. H. Cottrell describe tests made on a nickel- 
shromium-molybdenum steel and a 6-per cent. chromium-molybdenum 
teel, using high-tensile and special 18/8 austenetic steel electrodes. In 
he third Paper (pp. 17-21) Messrs. A. H. Cottrell, K. Winterton, and P. D. 
‘rowther describe notched-bar bend tests on steel specimens, discuss the 
ffect of delayed cooling upon the properties of martensite, and give details 
f a magnetic test for determining the transformation temperature. To 
ach Paper detailed conclusions drawn from the results obtained are 


pended. 
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MINING ENGINEERING. 


Economy of Supports on Mine Roadways. T. Dopp (*Collvery 
Guard, 162, 175; 21 Feb. 1941).—The Author reproduces illustrations 
showing the beneficial effect produced by the stilting of wood props set 
beneath steel girders. These demonstrate that yielding supports do not 
break up the roof and floor beds and have a marked beneficial effect upon 
roadway conditions. The resistance offered by them is sufficient to main- 
tain a good roadway, and when they are withdrawn during ripping they 
are in a condition to be re-used immediately. With non-yielding supports, 
not only do the props and girders become damaged, but also the resistance 
offered by them to strata movements breaks the floor and floor beds and 
introduces difficult conditions. 


An Underground Rock Air Receiver. ©. Penemuy (*Bull. Insin. 
Min. Metall. No. 437, 10 pp.; Feb. 1941)—The Author describes the 
construction of a large-capacity air receiver by closing off the entrance 
to a long drive with a concrete dam, at the Tebekwe mine, Southern 
Rhodesia. The site selected was the sixth level drive south, at an elevation 
of 3,700 above sea-level, and 747 feet below the shaft collar. The com 
pressors are situated at 4,572 feet above sea-level and within 100 feet of 
the collar. The drive, with cross-cuts, is 1,150 feet in length, with an 
approximate cross-section of 40 square feet, giving about 46,000 cubic feet: 
capacity. The reef is quartz, with walls of granite, fine-grained but 
traversed by fissures in various directions. On the first attempt to charge 
the receiver several leaks were evident. The Author describes the measures 
taken to seal these, which were successful. The cost of the dam, including 
material and labour, was about £334. . 

The Storage of Coal: the Effects of Storage without Rise in Tem- 
perature. F. Scarr, D. A. Hatt, and C. W. Yrearstey (*T7'rans. Instn. 
Min. Engrs., 100, 88-118 ; Jan. 1941).—The Authors present the results 
of detailed studies made with the object of determining how coals of various 
ranks and size-grades may-be stored in such a way as to minimize deteriora- 
tion. The practical work involved divides itself naturally into three 
definite series of experiments, namely: (1) effects of storage without rise 
in temperature ; (2) effects of storage with rise in temperature ; (3) methods 


_ of storage. Two experimental dumps were formed at collieries in the Forest 


of Dean in January 1934, and the results obtained from these are given 
in detail. They show that the mineral constituents of the fuel were altered 
considerably by exposure, but that the coal-substance, except in the very 
fine sizes, suffered little change. Investigations on the effects with rise 
in temperature have been made on dumps formed in 1937 by the examina- 
tion of samples withdrawn from time to time from a 400-ton dump in which 
considerable temperature-rise occurred, and are still in progress. The 
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methods of storage are also being studied by observations upon these 
dumps. 


Diesel Engines Underground. L. A. Brercer, M. A. Exziorv, 
J.C. Hoirz, and H. H. Scuren«x (*Rept. Infmn. U.S. Bur. Min., No. 3,541, 
18 pp. ; Nov. 1940).—The Authors describe tests made to determine the 
effect of mixing part of the hot exhaust gas from the engine with the intake 
air. The results indicate a marked increase in the concentration of carbon 
monoxide in the exhaust at the higher outputs. The concentration of 
oxides of nitrogen decreased, whilst that of aldehydes was not noticeably 
affected. 


Ventilation and Dust Control at the Wright Hargreaves Mine. 
G. R. Yourt (*Canad. Min. Metall. Bull. (Trans. Sect.), 669-684 ; Nov. 
1940).—The Author describes the measures adopted to cope with high 
dust-concentrations, increasing temperatures, and high humidities in a 
Canadian mine. A new departure in the auxiliary ventilation system in- 
stalled in roadway headings is the carrying of a ventilation pipe to within 
about 15 feet of the face. The results of dust tests made under various 
conditions show that with an elliptically-shaped air-nozzle on the air- 
delivery pipe suspended near the roof of the heading, the dust-concentra- 
tion, the temperature, and the humidity were all reduced. 


N oTE.—The Institution as a body is not responsible either for 
the statements made, or for the opinions expressed, in the Papers 
and Abstracts published. 
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MINISTRY OF HOME SECURITY, RESEARCH AND 
EXPERIMENTS DEPARTMENT. 


“Single Storey Wartime Factory Design’.” 


ADDENDUM. 


Add at end of second paragraph on p. 78 :—Sheeted Roofs : This objectio 
to the use of insulating board linings under sheeted roofs only applies, o 
course, where the lining is fixed below the purlins, either direct to th 
underside of timber purlins or to timber studding bolted to steel purlins 
There is no objection to the use of insulating board lining fixed above th 
purlins provided that the sheeting and lining are not more securely fix 
to the purlins than would be the case in an unlined roof. Moreover, 1 
the case of roofs covered with asbestos-cement sheeting, such a | 
will probably reduce the area of sheeting damaged by a near miss. 


1 Journal Inst. C.E., vol. 16 (1940-41), p. 73 (March 1941). 
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REPORT OF THE COUNCIL, 1940-1941f. 


In accordance with the By-laws, the Council present the following 
report upon the state of The Institution. 

The year under review has witnessed an intensification of hostilities 
which has involved this country, and particularly London, in heavy and 
persistent attacks from the air. The affairs of The Institution have 
nevertheless continued to be administered from its headquarters in 
Westminster, and the need has not arisen to make use of alternative 
accommodation for which provision had been made outside London. 
It has thus been possible to maintain the service of the library and reading 
rooms and to hold the examinations within the Institution building. 
The holding of Ordinary Meetings at fortnightly intervals on Tuesday 
evenings being out of the question, the Council decided to hold monthly 
meetings at 1.30 p.m. The attendances at these meetings have been 
limited, but interesting discussions have nevertheless taken place on the 
Papers brought forward. The Journal of The Institution has been pub- 
lished at its appointed times, although reduction in the size of each number 
has had to be made as a result of the rationing of paper. Censorship 
requirements have also added to the difficulties of publication. 

The Council wish to take this opportunity to pay tribute to the admirable 
way in which the members of the Secretary’s staff have carried on their 
work at The Institution under conditions of stress, aggravated in some 
cases by damage to or loss of homes and possessions. 

-Meetings.—The opening meeting of the Session was held on the 5th 
November, 1940, when Sir Leopold H. Savile, K.C.B., delivered his 
Presidential Address, in which he gave a succinct account of early harbours 
from the dawn of written history to the early days of the Roman Empire. 

In addition to the above, three Ordinary Meetings have been held, at 
which the following Papers were discussed :— 


SUBJECT. - AUTHOR. 
The Mohammad Aly Barrages, A. G. Vaughan-Lee, M. Inst. C. H. | 
Egypt. | 
The Design of Sewage-Purification H.C. Whitehead, M. Inst. C.H. 
Works. — 


Aesthetics of Engineering Structures 
and Oscar Faber, O.B.E., D. C. L., D.Sc., 


The Design of Flour Mills, Granaries,{ M. Inst. C.E. 
Warehouses, and Silos. 


+ The Report of the Annual General Meeting will be published in the Institution 
Boumnel for June 1941.—Szc. Inst. C.E. 


224 REPORT OF THE COUNCIL. 


A joint meeting with the British Section of the Socvété des Ingénieurs 
Civils de France, was held, at which the following Paper was read and 
discussed— 


SUBJECT. AUTHOR. 


Further Data Concerning Pre- T. J. Gueritte, B.Sc. 
stressed Concrete; Comparison 
between Calculated Stresses and 
Stresses registered during Tests. 


Road Engineering Section.—A Meeting of this Section took place on 
the 22nd April, when a Paper entitled “ Road Traffic Calculations”, by 
Mr. A. J. H. Clayton, B.Sc., Assoc. M. Inst. C.E., was discussed. 

Lectures—The Dugald Clerk Lecture on “Methods of Excavation 
Work at Home and Abroad ”’, by Mr. William Barnes, M.I.Mech.E., was 
delivered on the 19th November in London, and has been repeated before 
meetings of Local Associations at Leeds, Bristol and Edinburgh. 

The forty-seventh James Forrest Lecture on “The Mechanical 
Behaviour of Solids ” was delivered on the 29th April by Professor E. N. da 
C. Andrade, D.Sc., Ph.D., F.R.S. 

Associations—As was inevitable, the war has been responsible for 
considerable interference with the work of the Local Associations. Most 
of them, however, have been able to hold some meetings, and the Edinburgh 
and Yorkshire Associations, in particular, have found it possible to hold 
their usual number. As was to be expected, with so many of the younger 
members engaged in the Armed Forces or in other forms of National 
Service, no Papers by Students have been read at the meetings. 

- Doubtless owing to the present irregular mail services, no reports have 
been received so far of activities on the part of the Overseas Associations 
during the past Session, although it is understood that these have been 
continued to some extent. 

No meetings of the Association of London Students have been held, 
as the great majority of these Students are on military service or are 
engaged on works of national importance outside the London area. 

Military and National Service.—Reference was made in the last Annual 
Report to the steps which The Institution had taken to ensure that the — 
services of Civil Engineers were used to the best advantage in the war 
effort. This work has been continued and, in connexion with the younger — 
_ Associate Members and Students who have joined the Services, successful — 
efforts have been made to ensure that, so far as the Army is concerned, 
their service is with the Royal Engineers, or, in the case of other branches — 
of the Armed Forces, with technical units appropriate to their qualifica-— 
tions and experience, such as the Royal Air Force Volunteer Reserve and ~ 
the Royal Marine Engineer Corps. Of the (approximately) 1,800 Corporate - 
Members and Students who have intimated that they are serving with the 
Armed Forces; 1,200 are in the Corps of Royal Engineers, 100 are with the 
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Royal Air Force, and 30 in the Royal Navy: the remainder are engaged 
mostly in other technical branches of the Army. 

The Institution has also dealt with inquiries from the Service Depart- 
ments for the allocation of members for specialized work, such as railways, 

Toads, harbours, and aerodromes. In addition, assistance has been 
rendered, so far as practicable, in the cases of those members who desired 
to secure transfers from non-technical to technical units. 

It will be borne in mind that all Members and Associate Members are 
teserved by the Ministry of Labour’s Schedule of Reserved Occupations 
and are, therefore, serving in connexion with Civil Defence, maintenance 
as a result of enemy action, or otherwise assisting in a professional 
capacity towards the national effort. 

A considerable number of certificates have been issued to young 
Students, under the entry in the Ministry of Labour’s Schedule of Reserved 
Occupations relating to “student engineering apprentices or learners— 
reserved from the age of 18 years”, with a view to affording them an 
opportunity of sitting for Sections A and B of the Associate Membership 
Examination of The Institution prior to their being called up for compul- 
sory service with the Armed Forces after registration in their age-groups 
under the National Service (Armed Forces) Act, 1939. 

The Central Register of the National Service Department of the 
Ministry of Labour has continued to call upon The Institution for assistance 
and advice, where found necessary, although it will be understood that the 
main task of filling vacancies through the Central Register has been, and 
remains, a matter entirely for that body. 

Post-War National Development.—EKarly in 1940 the Council 
appointed a Committee, under the Chairmanship of Sir Clement Hindley, 
to consider problems of post-war reconstruction and, more particularly, 
to explore the various classes of engineering work which would have to be 
undertaken on the cessation of hostilities, the directions in which industrial 
effort should be stimulated, and the administrative means by which 
decisions to proceed with public works might be expedited. 

In this connexion, the Committee welcomed the appointment by the 
Government of a member of The Institution (The Rt. Hon. Baron Reith 
of Stonehaven, P.C., G.C.V.O., G.B.E.) as Minister of Works and Buildings, 
coupled with the task of preparing for post-war reconstruction. Contact 
has been made with the new Minister, who has expressed his appreciation 
of the Committee’s offer to place its assistance at his disposal. 

The Committee has appointed four Sub-Committees to deal with various 
aspects of its work and a number of ad hoc panels have been formed to 
collect and classify particulars of works and projects in various branches 
of engineering that could be put in hand with a view to absorbing the large 
volume of labour that will be available on the cessation of hostilities. 

The Committee has also given consideration to the need for fostering - 
amongst engineers the study of the economics of engineering proposals, 
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the organization and management of engineering works, and the relation 
of aesthetic considerations to engineering design and construction— 
subjects which require to be kept continuously under review in the light 
of changing economic conditions and the incidence of scientific researc 
on the use of materials and on design. It was felt that the objects to be 
aimed at, namely (a) bringing to the notice of engineers during their 
education the principles underlying these subjects, and (6) establishing 
a centre for the research and study necessary to secure progress in these — 
principles, could best be secured by setting up a course of study, by — 
lectures and other means, at Cambridge University in conjunction with 
the Engineering School and under the control of the Professor of Engineer- — 
ing. On the recommendation of the Committee, the Council have offered 
to the University of Cambridge to provide the necessary finance for this 
purpose, for a period of five years, and the proposal is now under considera- 
tion by the University authorities. 

Research.—The Research Committee has found it necessary to suspend 
most of the research work for which it was responsible, owing to the fact 
that laboratories and personnel were required for work in connexion with 
the prosecution of the war, and it was also difficult for the members to 
attend Committee meetings. It was decided, however, that where 
preliminary investigations could be carried out without interference with 
war work, these should be put in hand, and investigation is being made 
into the terminal velocities of certain substances as a preliminary to the 
investigation of pneumatic and hydraulic conveyors, whilst certain pre- 
liminary research is being carried out regarding soil corrosion of metal and 
cement products, together with research into the coefficient of expansion 
and contraction of concrete. Work in regard to the earthing of metal 
water pipes and water mains is being continued under the aegis of the 
British Electrical and Allied Industries Research Association. 

Sea Action Committee.—During the past year the Committee on the 
Deterioration of Structures of Timber, Metal and Concrete Exposed to the 
Action of Sea Water has published its 18th Report and, having regard to 
the position created by the war, this publication was made by The 
Institution and not by the Stationery Office as hitherto. The Report 
dealt generally with the final results of tests of various metals carried out 
for five, ten, and fifteen years ; and the work of the Committee can be said 
to have reached a conclusive stage, except for certain further tests in 
connexion with timber and concrete. In these circumstances, the Sea 
Action Committee has been merged with the Research Committee of The 
Institution, on the understanding that the funds of the Sea Action Com- 
mittee shall be administered by it and applied only to the purposes for 
which they were originally subscribed. ‘4 

Mr. W. T. Halcrow has succeeded Mr. Maurice F-G. Wilson as Chair- 
man of the Committee, and the opportunity is taken to acknowledge the 
deep sense of appreciation of Mr. Wilson’s work in this connexion since he 


became Chairman in 1921. | 
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_A summary of the experiments carried out by the Committee from 
- inception was published in the Journal of The Institution for June 
40. ; 
Nominations and Appointments.—Various nominations and appoint- 
ments have been made or renewed by the Council during the past year, 
and The Institution is, or has been, represented on advisory or admini- 
strative bodies and committees as detailed in Appendix I. 
Accounts.—The Accounts for the year ending on the 31st March, 1941, 
which have been duly audited, are detailed in Appendix II of this 
Report (pp. 236-246, post), and may be summarized briefly as follows :-— 


The Total Income for the year amountedto . . . . £44,164 
(as compared with £45,847 last year) including 
£432 for Income Tax recovered. Subscriptions, 
Entrance fees, and Examination fees totalled 
£42,564 (as compared with £44,185 last year), and 
Dividends and Interest received amounted to 
£1,148 (as compared with £1,137 last year). 
The Total Expenditure charged against the year’s Income 
SENOUMCE LOM art fila “Geo Say We oa Sn® wee ag U £41,790 
(as compared with £44,253 last year) including 
Provisions of £13,300 (viz. £12,000 for Publi- 
cations Account and £1,300 for Research Reserve). 
The General Revenue Account therefore results in a credit 
Se eR COIOL areas LE ish, teeit, BP ee ake £2,374 
to which has been added the credit balance of 
£1,875 brought forward from last year, resulting in 
_a final credit balance of £4,249. This balance 
has been reduced by a special appropriation of 
£2,000 to the Repairs and Renewals Reserve and 
by deducting the overspent balance on “ Publica- 
tions Account” £1,210, thus leaving a credit 
balance of £1,039 to be carried forward. 


Cash at bankers and in hand amounted to £17,567 (compared with 
£12,271 last year) at the close of the financial year, due to the receipt, as 
in past years, of a substantial proportion of the current subscriptions 
during the first quarter. This balance is required to finance expenditure 
during the remainder of the year. __ 

The actual expenditure during the year on “ Publications Account ” 


amounted to £10,156 (compared with £13,714 last year), of which £7,180 — 


represented the cost of the Journal. This expenditure was relieved by 


credits for advertisements, sales, etc., of £2,823 (against £3,873 last year), — 


leaving the net expenditure for the year at £7,333 (compared with £9,841). 
This amount was £4,667 less than the £12,000 provision, and the overspent 
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balance of £5,877 brought forward from last year has thus been reduced 
to £1,210. 

The Research Reserve credit balance has increased by £382 during the 
year, viz. from £3,069 to £3,451. The expenditure incurred amounted to 
£2,117, whereas the credits (made up of the appropriation from Revenue 
Account of £1,300, and contributions by outside bodies of £1,200) totalled 
£2,500. 

The Repairs and Renewals Reserve credit balance has been increased 
(with the special appropriation of £2,000 from Revenue surplus) by 
£2,665 during the year, viz. from £5,587 to £8,252. 

On Trust Funds Income Account there was received a total of £1,313, 
and the expenditure amounted to £1,055. 

During the year sums of £42 in interest and £76 surplus on ae of an 
investment have been credited to the research into the Deterioration of 
Structures exposed to Sea-Action, whilst the expenditure was £275 (£245). 

Examinations——The Preliminary Examination of The Institution is 
now replaced by the Common Preliminary Examination, conducted by 
the Engineering Joint Examination Board, the first Examination having 
been held in London and the provinces in April, 1941. The Council have 
ordered that a transitional period be allowed until the end of the year 
1942 during which the qualifications at present accepted under their rules 
as exempting from The Institution Preliminary Examination will continue 
to be recognized as fulfilling the requirements in respect of general 
education for the purpose of entry into The Institution, in addition to any 
qualifications accepted by the Joint Board as exempting from the Common 
Preliminary Examination. 

The number of candidates presenting themselves for the October, 
1940, Examinations was 270, namely, 39 for the Preliminary Examina- 
tion and 231 for the Associate Membership Examination. The entries 
for the April, 1941, Examinations were 71 for the Common Preliminary 
Examination (i.e. for candidates for entry into The Institution) and 296 
for the Associate Membership Examination. 

Bayliss Prizes of the value of £15 have been awarded to Mr. Alfred 
Donald Alsop, Stud. Inst. C.E., and Mr. 8. R. K. Iyer, Stud. Inst. C.E., 
in respect of Sections A and B of the Associate Membership Examination 
for April, 1940, and Mr. Francis William Aries, Stud. Inst. C.E., in respect 
of the October, 1940, Examination. Mr. A. J. EB. Ridley and Mr. G. D. 
Joglekar have received honourable mention in connexion with the latter 
examination. 

Early last Autumn an approach was made to the Secretary of State for 
War suggesting that Students of The Institution serving in the Army 
who wish to sit for the Associate Membership Examination be given the 
opportunity of short full-time university or college courses. It was not — 
found practicable to accede to this request, owing to the exigencies of the 
service, but the War Office, fully recognizing the need to assist as far as 
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possible those whose training has been interrupted by their war service, 
approached the Institutions of Civil, Mechanical, and Electrical Engineers 
in connexion with the establishment of vocational instruction for those 
temporarily serving in H.M. Forces, and particularly for those wishing 
and eligible to sit for the professional examinations of these Institutions. 

Professional Qualifications of Alien Engineers.—A Special Committee 
set up to investigate the professional qualifications of alien engineers has, 
at the request of the President’s Committee of the Royal Society, 

examined and reported upon the technical qualifications of a number of 

alien engineers who have applied to the Home Office for release from 
internment. 
_ Charles Hawksley Prize—On the report of the judges, the Council 
awarded a Charles Hawksley Prize of £150 for 1940 to Mr. William Eugene 
Blackmore, Stud. Inst. C.E., of Colchester, for his design of a water tower, 
and honourably mentioned Mr. Arthur Richard Collins, M.Sc., Assoc. 
M. Inst. C.E., and Mr. James Kenneth McIntyre, Stud. Inst. C.E., for the 
merit displayed in their designs of a traffic roundabout and underground 
garage. In view of the large numbers of Students and younger Associate 
Members serving with H.M. Forces, no competition for 1941 is being held. 

James Alfred Ewing Medal.—The award of the James Alfred Ewing 

Medal for 1940 for specially meritorious contributions in the field of 
engineering research has been made to Mr. Harry Ralph Ricardo, B.A., 
F.R.S., Assoc. M. Inst. C.E., on the recommendation of the President 
and Sir Henry Dale, President of the Royal Society. Suggestions put 
forward in their personal capacities by the Presidents of the Institution 
of Electrical Engineers and the Institution of Naval Architects were 
considered. 

Library.—During the year, 587 volumes were presented to the Library 
and 293 were purchased, making a total, on the 31st March, 1941, of 63,770. 
1,230 applications for the loan of books were dealt with. 

Government departments and the Services continued to make frequent 
use of the Library and in every case it was found possible to provide some 
reference in reply to an inquiry. 

Gifts —Sir Arrol Moir, Bart., B.A., M. Inst. C.E., presented a number 
of books from the library of his father, the late Sir Ernest Moir; 
and an oil painting of Cartland Crags bridge, once in the possession of 
‘Telford, its constructor, was presented by Mr. W. Y. Sandeman, 
M. Inst. C.E. 

Officers.—Special mention is here made of the regretted death on the 
21st November, 1940, of Mr. Edward Wyndham Monkhouse, M.V.O., 
M.A., M. Inst. C.E., who had been one of the Institution auditors since 
1928, and of the fact that Mr. John Duncan Campbell Couper, C.B.E., 
M.A., M. Inst. C.E., has been nominated to succeed him. BS 

_ The Roll.—During the year ending on the 3lst March, 1941, | _ 
‘Honorary Member, 5 Members, and 313 Associate Members, were elected, 
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482 candidates were admitted as Students, and the names of 13 Associate 
Members, and 4 Students were restored to the Roll. From this addition 
of 818 must be deducted the deaths, resignations, erasures, over-agi 
Students, and the Students elected Associate Members, amounting to 
579 in all, showing a net increase of 239; 34 Associate Members were 
transferred to the class of full Members. The roll on the 3lst March, — 
1941, stood at 13,198, the changes which took place during the year ending 
on that date being shown in the following Table :— 


1 April, 1939, to 31 March, 1940. 1 April, 1940, to 31 March, 1941. 


Totals. Totals. 


Honorary 
Members. 
Associate 
Associates. 


Members, 


Honorary 
Members. 
Members. 
Associate 
Members. 
Associates. 
Students 
Members. 
Students. 


19 |2322/7543) 54 |2675| 12,613} 19 |2303/7680) 51 /2906| 12,959 


commence- 
ment 


Numbers at } 


~ Transfers— 
Associate 
Members 
to Members 
Member to 
Associate 
Member 
Elections 
Admissions . 
Restored to 
Roll 
Deceased 
Resigned 
Erased 
Elected as an 
Honorary 
Member 
Elected as 
Associate 
Members 
Removed 
over age 
Failed to 
complete . 


+818 


===> Gees | eee Paes eae: | 
i 


Numbers at 
termination 


19 |2303/7680| 51 2906) 12,959] 16 |2237/7819| 49 |3077 


The full list of deaths is as follows (EZ. refers to election, T. to transfer, 
and A. to admission) :— ; 
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Henry Osborne Baldry (z. 1877. 7. 1886) ; John Aylmer Balfour (z. 1904. 7.1919); 
Charles Henry Barratt (z. 1907) ; Charles Joseph Batley (z. 1887, 7.1906); Professor 
Sir Thomas Hudson Beare, LL.D., B.A., B.Sc., F.R.S.E. (2. 1885. 7.1893); Edward 

Charles Bickersteth (z. 1894. 7. 1920); Rustat Blake, M.A. (z. 1897. 7. 1910); 
William Herbert Blaker (z. 1904. 7.1929); John Benjamin Body (#. 1892. 7.1901) ; 
Frederick William Bricknell (z. 1886. 7. 1916); Cuthbert Brown, M.B.E. (z. 1901. 
@. 1923); James Brown, C.B.E. (z. 1917); Archibald Stewart Buckle (z. 1920) ; 
Farie Burnet (#. 1903); Murray Barclay Buxton, M.C., M.A. (z. 1923. 7. 1940) ; 
George Eric Chaslyn Callow, B.Sc. (z. 1921. 7. 1934); William Harvey Carson 
(z. 1905. 7. 1922); Albert, Havelock Case (z. 1884. 7. 1893); Lloyd Heber Chase 
(2. 1894) ; Robert George Clark, O.B.E. (z. 1905. 7. 1926); Arthur Trevenen Coode, 
B.A. (z.1902. 7.1912); Harold Ernest Copp (z. 1921) ; Sir Harley Hugh Dalrymple- 
Hay (#. 1887. 7. 1899) (Member of Council); Alfred Dickinson (z. 1889. 7. 1903) ; 
Professor Stephen Mitchell Dixon, O.B.E., M.A., B.A.I. (z. 1892. 7. 1906); Charles 
George Du Cane, O.B.E., M.A. (z. 1906. 7. 1920) (Member of Council); Leonard 
George Felkin (z. 1900. 7. 1916); Robert Wylie Gairns (z. 1908. 7.1928); William 
Vaux Graham (z. 1896); Percy Griffith (z. 1892. 7.1901); Hector Freeman Gullan 
(z. 1896. 7. 1912); Professor Bernard Parker Haigh, M.B.E., D.Sc. (z. 1911. 7. 
1922); William Henry Hamer (#. 1895. 7. 1905); Henry Coleman Head (z. 1898. 
7.1916); Henry Selby Hele-Shaw, D.Sc., D.Eng., LL.D., F.R.S. (z. 1880. 7. 1887) ; 
Philip Quixano Henriques (#..1917. 7. 1933); Frank Howarth (z. 1891. 7. 1906); 
Reginald William James (Z#. 1889. 7. 1935); Professor Charles Frewen Jenkin, 
C.B.E., LL.D., M.A., F.R.S. (z. 1891. 7. 1909); David Lyell, C.M.G., C.B.E., D.S.0. 
(2. 1892.. 7. 1900); Hugh Hannay McClure (z. 1902); Arthur Cameron Macdonald, 
D.S.O. (z. 1902. 7. 1916); James Mackenzie (z. 1890. 7. 1911); Arthur Woodroffe 
Manton, O.B.E., B.Sc..(z. 1891. 7. 1899); Arthur John Martin (z. 1898. 7. 1906) ; 
William Henry Massey, M.V.O. (z. 1888); Walter Edward May (z. 1890. 7. 1908) ; 
Sir William Oliver Evelyn Meade-King (z. 1887. 7. 1890); Charles Hesterman 
Merz (z. 1905); Harry William Miller (z. 1893. 7. 1930); James Edmondson Monk, 
B.Sc. (Zz. 1900. 7. 1926); Edward Wyndham Monkhouse, M.V.O.,.M.A. (z. 1894. 
2. 1899) (Auditor) ; Sir Charles Langbridge Morgan, C.B.E., D.Eng. (z. 1883. 7. 1889) 
(Past-President) ; Reginald Travers Morgan, M.Eng. (z.1919. 7.1937); John George 
Morley (#. 1889. 7. 1911); Frank Alfred Newington (z. 1894. 7. 1902); Walter 
Sery Nicholson (Zz. 1881. 7. 1908); Gerald William Partridge (z. 1894. 7. 1901) ; 
Richard Pawley (z. 1883. 7. 1889); William Richard Victor Prittie Perry, B.A., 
B.A.T. (z. 1898. 7. 1906); Robert Limond Ranken (z. 1907. 7. 1922); Andrew 
Thomson Reid (z. 1904); Francis Gilbert Sharrock (z. 1906); George Thomas 
Sibbering (z. 1887. 7. 1896); Robert Cherry Sikes, B.A., B.E. (z. 1902. 7. 1905) ; 
Roger Thomas Smith, B.Sc. (Zz. 1889. 7. 1918); Charles Pratt Sparks, C.B.E. (z. 
1894. 7. 1900); Edward Brough Taylor (#. 1881. 7. 1890); John Frederick Ivor 
Thomas, O.B.E. (z. 1896. 7.1918); John Trump, I.8.0. (z#. 1883. 7. 1896); Henry 
Webster, B.A.I. (z. 1892. 7. 1894); Charles Palmer Whitcombe (#. 1879. 7. 1892) ; 
Joseph Edward Willcox (z. 1883. 7. 1905); Charles Humphrey Wingfield (z. 1881. 
7, 1896); William Bradley Woodhouse (#. 1919); Douglas Fitzgerald Worger 
(z. 1882. 1.1908); John Edward Worth (z. 1881. 7. 1893). 

_ Associate Members (71).—Edward William Anderson (#. 1883); William George 
Anglesea (z. 1910); Henry Bailey (#. 1927); James Alexander Baird (z. 1908) ; 
Samuel Harry Hill Barratt (z. 1894); Ganesh Dass Bazaz, B.Sc. (#. 1920); Professor 
William Blackadder, D.Sc. (#. 1907); Frederick Thomas Boyes (#. 1919); John 
Henry Brierley (z. 1894); Sydney William Voddon Broadhead, B.Sc. (#. 1913) ; 
James Madiestlan Campbell (z. 1916); Jack Herbert Colbourne, B.Sc. (#. 1933) ; 
Benjamin Corner (z. 1897) ; Walter Lennox Craig, B.C.E. (z. 1901) ; William Donald 
McDonald Cruickshank, O.B.E. (#. 1911); William Elmitt Curry (2. 1883); Kenneth 
Dening Dudley, B.Sc. (2. 1939) ; Thomas Eastman (z. 1867) ; David Ellison (z. 1905) ; 
Walter Ernest Fox (z. 1906); David Gray, B.E. (z. 1934); Frederick Leslie Green, 
B.Sc. (z. 1936); Alexander Haining, B.Sc. (z. 1935); Casper Henry Hales (z. 1928) ; 
William Harker (z. 1895); Richard Haviland Haviland, B.So. (#. 1940) ; Charles 


Ivan Haxell (z. 1938) ; James Edward Jackson (z. 1892) ; Ernest Frederick Stephen 


Lang (z. 1908); Thomas Lightbown (z. 1936); Herbert Nicholson Lipscomb (z. 
1890) : Frederick Charles Lyndon Lloyd (#. 1928); Alfred Edwin Loach (#. 1914); _ 
Thomas Smith McEwen (z. 1885); Alfred Alexander Macgregor (z. 1879) ; Duncan 
Thomas Hiddleston Maclennan (£. 1922) ; William Reginald Marrable, B.Sc. (#. 1933) ; 
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Herbert Edward Lance Martin, B.Sc. (#. 1910) ; Stephen Martin-Leake (2. 1888) ; 
Frederico George Molloy, B.Sc. (#. 1927) ; Richard Wilkinson Nash (#. 1895); Camp- 
bell James Nelson (z. 1908); Edward Parry (£. 1922) ; Walter Saunders Pate 
(z. 1892) ; Norman Crook Percy (£. 1908) ; Norman Porteous, D.S.O., M.C. (2. 1908) 5 
John Pownall (z. 1894); John Charles Dodgson Raper (2. 1892); Charles Sydney — 
Richards, B.Sc.Tech. (z. 1910) ; Robert James Rigg (z. 1940) ; Ian Donald Robertson — 
(z. 1913); William Raymond Robson (Z. 1925) ; Harold Fitzroy Sandeman, B.Se, ; 
(z. 1933); Charles Joseph Seaman, M.B.E. (z. 1895) ; Alfred Henry Thomas Shields — 
(z. 1930); Leonard John Small (z. 1915) ; William Alfred Smith (z. 1920); Henry — 
John Spooner (z. 1885); James Cameron Bell Thomson, B.Sc. (z. 1935); Arthur 
Timmins (z. 1889) ; John Henry Tonge (#. 1897) ; Frederick Toplis (2. 1873) ; George 
William Dillwyn Venables-Llewellyn (z. 1937); Charles Henry Warren (£. 1915); 
Reginald Porteous Westbrook, B.Sc. (2. 1928); John Henry Richard Whinfield 
(z. 1885) ; Cecil Whitehead (z. 1938); Arthur Witheford (z. 1932); Alphonse Wood 
(z. 1905); Sidney Lancelot Wright (#. 1920) ; Rodney George Wright-Nooth, M.C 
z, 1916). 
: ae ke (1).—Edward Watson Lundie Nicol (#. 1924). 
Students (16).—Alexander Robert Angus (4. 1940); Norman Birch (4. 1938) ; 
Richard Christian Dark, B.Sc. (4. 1937); Douglas Alban St. John Evans, B.Sc. 
(4. 1938); Thomas Leslie Hope (4. 1938); David Ross Hyett (4. 1939); Geoffrey 
Halsted James (4. 1937); Harold Carlon Laweson (4. 1939); John Helm Lawrence, 
B.Sc. Tech. (4. 1936); William Booth Longworth (4. 1937); John Sheppard Hewitt 
Lupton (4. 1939); Thomas Edward MacDonald (4. 1935); Francis Robert Ma bin 
(4. 1934); John Victor Coulson Mason (4. 1938); Peter Patrick Raikes (4. 1934) ; 
Frederic Becher Taylor (4. 1937). . 


The following resignations have been received :— 


Members (22).—Sir Westcott Stile Abell, K.B.E., M.Eng. (z. 1915); Herbert 
Ashley (z. 1899. 7. 1905); Archibald Graeme Bell, C.M.G.); (z. 1893. 7. 1901) 
John Eaton Blackwall, D.S.0., B.A. (z. 1905. 7. 1920); Austin George Cooper 
(z. 1907. 7. 1916); William Robert Davidson (#. 1907. 7. 1927); Henry Duncan 
Dormor (z. 1902. 7. 1920); Charles le Strange Furlong (#. 1929) ; Sir Charles Henry 
Gott (z. 1898. 7. 1906); Reginald Victor Gregory, B.Sc. (z.1912. 7.1929); Arthur 
Hassard, M.A.I.(z.1900. 7.1919); Frederick Hellmann (z. 1905); George Augustus 
Hicks (z. 1907. 7.1922); Frank Livesey, B.A. (z. 1908. 7. 1922); Ernest Augustus 
Morris (z. 1913. 7. 1928); Harry Pollitt (z. 1894. 7. 1899); Cecil Henry Roberts 
(z. 1907. 7. 1913); Joshua Shaw (z. 1907); George Henry Thistleton-Dyer, M.A. 
(z, 1905. 7. 1922); Herbert Percival Thomas, B.Sc. (z. 1934); Arthur Thomas 
Wall (z. 1930) ; Owen Thomas Wood (#. 1907. 7. 1926). , 

Associate Members (49).—William Auld, B.Eng. (Z. 1938) ; Cecil Barber (z. 1909) ; 
Edward Samuel Charles Betteley (z. 1919) ; George Robertson Blake (#. 1897) ; Robert 
Wellesley Antony Brewer (#. 1901); Henry Leatham Burdett, O.B.E. (2. 1925) ; 
David Butler Butler (x. 1895); Matthew Arnold Butler (z. 1924); Francis Collier 
Cooper (z. 1910) ; Errol Raffael Henry Darwin, B.Sc. (z. 1923) ; Alfred Ernest Drown 
(z, 1903) ; William Ebdon (z. 1915); Andrew Bainbridge Ferguson (z. 1911); Thomas 
Fraser (Z. 1903); Frederic William Gaskin (z. 1899); John Patrick Glynn, M.E. 
(x. 1927); Herbert William Hall (z. 1918); John Stuart Ker, B.Sc. (z. 1899); 
Alexander Kinnes, B.Sc. (z. 1912); Robert Arthur Lay (#. 1913); Duncan Alexander 
MacDougall (2. 1905) ; Charles John McKenzie, C.B.E. (2. 1916) ; George MacLachlan 
(z. 1904); William Robert Manning (z. 1895); Arnold Stewart Mason (z. 1905); 
Frank Morgan (#. 1899); William Fitkin Muckle (z. 1909); Reginald Nicholls (z. 
1907) ; Frank Watts Page (z. 1894) ; Stanley Gedge Plante (z. 1906) ; George Rummer 
(e. 1912); Kenneth Alderson Pope (£. 1935) (since reinstated); Edwin Hartree 
Rayner, M.A., D.Sc. (#. 1902); Henry Grattan Sharpe, B.A., B.A.I. (2. 1909); 
Reginald Sharpley (z. 1905); Sydney Herbert Stelfox, B.Sc. (z. 1904); Thomas 
Dalrymple Straker-Smith, B.E, (#. 1921); Herbert Edward Crampton Stubbs 
(2. 1899); Robert Alfred Swarbrick (z. 1899); Thomas Harold Taylor (z. 1908) ; 
Henry Gottreux Trenchard (z. 1897); Alfred Edward Tuffley (#. 1925); James 
Alfred Varey (z. 1905); William Ernest Chadwick Ward (z. 1926); Charles Coburn 
Ware, B.C.E. (2. 1922); Thomas Harkness Watt (z. 1897); Eric Wiltshire (z. 1925) ; 
Frederick William Wonham (#. 1916) ; Robert Ernest Workman, B.Sc. (z. 1905). a 
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Associate (1).—Hugh Eyre Campbell Beaver (z. 1932) (since elected Member). 
*_ Students (8).—Henry Dearle Dawson (4. 1934); Wilfred George Eades (4. 1938) ; 
Frederick Dale Goodwin, B.A. (4. 1936); Wilfrid Garnar Green (4. 1937); Colin 
Pitblado MacDiarmid (4. 1937); James Crichton Massie (4. 1936); James Bruce 
Wilson, B.Sc., B.E. (4. 1937); James Wood (4. 1939). 


_Deaths.—It is with especial regret that the Council record the deaths 
of Sir Charles Langbridge Morgan, C.B.E., D.Eng., Past-President ; of 
Sir Robert Abbott Hadfield, Bart., D.Sc., D.Met., F.R.S. (former Vice- 
President), and Sir Joseph John Thomson, O.M., D.Sc., LL.D., F.R.S., 
Honorary Members; and of Sir Harley Hugh Dalrymple-Hay and Mr. 
Charles George Du Cane, O.B.E., M.A., Members of Council. 


APPENDIX I 
Royal Commission for the Exhibition of 1851 The President. 
Grant Committee of the Royal Society The President. 


Sir Alexander Gibb, G.B.E., 


General Board of the National Physical Laboratory C.B., LL.D., F.R.S. 
W. J. E. Binnie, M.A. 


Department of Scientific and Industrial Research :— 
Committee on Testing Work for the Building In- Tike President (or his Deputy), 


dustry. 
Mechanization Board, Army Council W. G. Wilson, C.M.G., B.A. 
Home Office Committee on Co-operation of Con-\ Sir George W. Humphreys, 
structional Industry and Civil Defence K.B.E. 


Home Office Professional Advisory Committee ‘ 
(Shelters) David Anderson, LL.D. 
Ministry of Home Security, Building Technical\ p, 4 Anderson, LL.D 
Advisory Committee path By 


Reservoirs (Safety Provisions) Act, 1930 The President. 

Technical Advisory Committee, Press and Censor-\Sir Leonard Pearce, C.B.E., 
ship Bureau (Consultative capacity) D.Sc. 

Science Museum Advisory Council, Board of Educa-\ Professor C. E. Inglis, O.B.E., 


tion é M.A., LL.D., F.B.S. 
: Professor C. E. Inglis, O.B.E., 
M.A., LL.D., F.R.S. 


Engineering Joint Examinations Board BR. EB) Stiading, CB, Mic,” 
: D.Se., Ph.D. 

Court of the University of Bristol Raymond Carpmael, O.B.E. 

Court of the University of Liverpool Thomas Molyneux, O.B.E. 

Court of the University of Sheffield er H. Ellis, G.B.E., 


Governing Body of the Imperial College of Se aes W. Humphreys, 


and Technology. - -B.E. 
Council of the City and Guilds of London Institute The President. 


City and Guilds Fellowship Selection Committee E. G. Walker. Sea : 
Council of the London Society J Ree . Humphreys, 


| B, Wentworth-Sheilds, 0.B.E. 
Court of University College, Southampton { i cpl: eilds 
Governing Body of the School of Metalliferous\ ; @ Lawn, C.B.E. 

Mining, Cornwall 4 
Thomason College, Roorkee, Advisory Council Gerald Lacey. 


16 aed, 
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David Anderson, LL.D. 


Engineering Joint Council WW. ToHalewe. q 
* Engineering Public Relations Committee Sir Leopold H. Savile, K.C.B. 
Governing Body of the Denning Trusts G. F. Carter. 


Tribunal of Appeal, London Building Acts (Amend- David Anders 
ment) Act, 1939 (Deputy). 3 as 
Joint Committee on Materials and their Testing R. H. H. Stanger. 
Research Committee on High Duty Cast Irons of ee Gilbert Cook, D.Sc., 


{> Cyril R. S. Kirkpatrick. 


te mag a Ai 


the Institution of Mechanical Engineers -RS. t 
Committee on Coal and Gas Engines of the Institu- \ Professor W. T. David, M.A., 

tion of Mechanical Engineers Se.D., D.Se. 
Welding Research Committee Ralph Freeman. } 
Building Industries National Research Committee F. E. Wentworth-Sheilds,O.B.E. 
British Cast Iron Research Association (Vacant.) ; 
Permanent Commission of International Navigation | Sir Cyril R. S. Kirkpatrick. 

Congresses N. G. Gedye, O.B.E. : 
Joint Committee on Co-operation between Overseas\ Sir Clement D. M. Hindley, — 

Members of E.J.C. Institutions K.C.1L.E., M.A. ; 
British Society of International Bibliography (Vacant.) 


National Service: Central Register, Advisory : 
Coan 8. B. Donkin. 
National Service: Central Register, General Engi-\ S. B. Donkin. 


neering Committee The Secretary. 
World Power Conference British National Com- Sif Tyas 
faites | . B. Donkin. 


World Power Conference International Sub-Com- 
mittee on Special Cements 

International Electrotechnical Commission Advisory 
Committee on Internal-Combustion Engines 


W. T. Halcrow. 
W. A. Tookey. 


The Institution is represented as follows on Councils of the British Standards 
Institution :— 


General Council Sir Cyril R. S. Kirkpatrick. 
Sir Clement D. M. Hindley, 
Engineering Divisional Council K.C.LE., M.A. 


Fs " ees C.M.G., M.Se. 
. A. M. Robertson, M.C, 
Building Divisional Council B. L. Hurst. ; 
And has also representatives on numerous Committees, Sub-Committees, and Panels. 
Main Committee of the Canadian Engineeri 

Riaritandald sandiation PRA ap H. Vaughan. 


Technical Committee, Noise Abatement League J. 8. Wilson. 


: ; Colonel C. M. Norrie, D.S.0. 
Joint Committee of The Institution, the Federation W. J. E. Binnj ; 
of Civil Engineering Contractors, and the Associa- Sir Tacs id He M.A. 
tion of Consulting Engineers on Standard Con- (-" Po. - Savile, KCB. 
ditions of Contract W. T. Halcrow. 


ee eee tigger 


—————————E—————————— 
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APPENDIX II 


INSTITUTION ACCOUNTS AND BALANCE SHEET, 
INCLUDING TRUST FUNDS. 
31st MARCH, 1941. 


236 REPORT OF THE COUNCIL. 


BALANCE SHEET 


INSTITUTION CAPITAL ACCOUNT anp 
Burwpine Funp. 


As per last Account ois Vee hapa ee — 416,323 16 


REPAIRS AND RENEWALS RESERVE 
As detailed on pages 238 and 239 . . . . . ag 8,252 12 4 


RESEARCH RESERVE 
As detailed on pages 244and 245 . . . et 3,451 14 


CREDIT ORS @--ee> ae eee ee oie 6,853 12 


REVENUE IN SUSPENSE— 


Proportion of 1941 subscriptions received 
applicable to the nine months from Ist 


April to the 3lst December, 1941. . . . . 16,271 2 6 
Subscriptions received in advance. . . . . 6418 1 f 
—-——___— 16,336 0 
REVENUE SURPLUS— 
General Revenue Account— 
Balances at 31st March,1940 . . . . . 1,875 2 6 
Surplus for the year to date, per account 
page 240 . ee RO Naan eee a 2,374 7 5 
4,249 9 11 
Less appropriated to— 
Repairs and Renewals Reserve (see page 238) 2,000 0 0 
2,249 9 11 
Less Publications Revenue Account— 
Balance overspent to date (see page 238) . 1,210 3 11 
1,039 6 
452,257 1 
TRUST FUNDS— 
Capital Accounts (see pages 242 and 243). . 38,232 12 5 
Unexpended Income (see pages 244 and 245). . 3,565 11 6 41,798 3 


SEA ACTION COMMITTEE ACCOUNT—. 


As detailed on pages 244 and 245 “ 1,034 6 


£495,089 11 


AU. 


A We aie audited the aaeek Hest Sheet dated 31st March, 1941, and have « 
18 properly drawn up so as to exhibit a true and correct view of the state of The Inst; 
shown by the books of The Institution. ol 


London, 24th April, 1941. 


ea 
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DIX IL. ) 

A 3lst MARCH, 1941. 

FREEHOLD PROPERTY-—InstitvuTion emo rel: “8 Grands 
_ Bumpmne— q 

a At cost, as per last Account. . . «5 . . . as? 375,767 16 10 


INSTITUTION INVESTMENTS (including 
_ those held in respect of Repairs and Renewals 
_ Reserve) at or under cost, as detailed on 
Bpage246 . .. 


Se oo Ee Ce See Dae ae 57,294 O 4 
Nore.—WMarket value at 31st March, 1941, 
£54,951 
PRWEB TORS: 3 5 so oe we Os ee 1,627 18 3 
‘CASH AT BANKERS AND IN HAND . Ae 17,567 5 9 
452,257 1 2 
TRUST FUND ASSETS— 
Capital :-— 
Investments, as detailed on 
pages 242 and 243 . . . 38,23010 5 
Cash at Bankers . . . . 220 
— 38,232 12 5 
Unexpended Income :— 
Investments, as detailed on 
Mage eas «2 « « 214 8 2 
Cash at Bankers and on 
Deposit Account . . . 3,351 3 4 
———__——— 3,565 11 6 
—— 41,798 3 11 
SEA ACTION COMMITTEE ACCOUNT— 
- £1,000 3% Savings Bonds 1955/65 at cost . . 1,000 0 0 
Gashatebankers 9) 4 » 8 «= « “es « 34 6 3 
————— 1,034 6 3 


£495,089 11 4 


E. Granam Cuark, Secretary. 


ORT. 
e information and explanations we have required. In our opinion such Balance Sheet 
3 according to the best of our information and the explanations given to us, and as 


Aan Raz SMITH 


J.De Os Coursey OP 


4 

4 

a 
aes 
& e 
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RESERVE FOR REPAIRS AND RENEWALS TO 
ee 


£ «4 ¢@ 
To Net EXPENDITURE DURING THE YEAR . . + + + © «+ + 526 9 I 
y», BALANOE carried down . . wo Sige a se ee 6,252 12 4 
6,779 1 5 
To BALANOR carried'down 0°. 5 a ne te eee 4 
£8,252 12 4 
. 
PUBLICATIONS 
Ei Bs ad. £ «68d 
To Bauanon, perlastaccount . .... . 5,877 lai 
», EXPENDITURE DURING THE YEAR— 
Journal . ; 7,180 9 10 
Charters, By-laws and Lists of Members. 21 17 10 
Engineering Abstracts . . es 122 11 9 
Salaries and Pension Premiums . Satal ne 2,791 011 
Reporting 2 gis wc sg on ee We ed, Doe aet 40 12 0 
10,156 12 4 
Less Credits for eens — 
Contributions, etc. . < 2,823 9 5 
————— 7,333 2 11 


£13,210 3 11 


To BaLanox brought down, as per Balance Sheet, page 237 . . . 1,210 3 11 
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STRUCTURE, FURNITURE, FITTINGS AND MACHINERY. 


i Same 

- By Bawanon, per last account . . » 5,587 16 8 
,, INSTITUTION REVENUE Account—Amount pe ‘vided for the year— 

per page240 . . . ae Jo a L000 RON 10) 

», INTEREST ON INVESTMENTS. es I oe hf 169 6 6 

PeEeINOOMESLAX REFUNDED <5... su. s. . . - 2118 3 

6,779 1 5 

By Bauance brought down . . reed, 6252012004 

», APPROPRIATION FROM REVENUE SURPLUS (per page 236) : » . 2,000 0 0 

£8,252 12 4 

+, BALANCE brought down, as per Balance Sheet page 2836 . . . . £8,252 12 4 


REVENUE ACCOUNT. 


By Institution Revenve Account—Amount brevipes for the me 


per page 240 . 12,000 0 0 


», BALANCE carried down (being Excess of net rade ae over 


Provision) 1,210 3 11 


£13,210 3 11 
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GENERAL REVENUE ACCO 


1939-40 EXPENDITURE. 
£ To House anp EstTaBLISHMENT CHARGES— £8. 
Rates, Health, Unemployment and other Insurances 6,002 3 
Electric Lighting and Power, Water- SoEny, Warm- 


ing, Ventilating, and Telephone . . 903 14 
Cleaning and Household Expenses. . . . . 1,533 5 
Refreshments and Assistance at Meetings . . . 32 13 


9,493 - 
», REPAIRS AND RENEWALS RESERVE— 
1,000 Amount provided for the year, per page 239. 
PROVISION FOR CONTRIBUTIONS PAYABLE UNDER 
THE Wark DamaGE Act, 1941 = 
», SALARIES, WAGES AND RETIRING ALLOwANCE— 


Salaries .. se wt Oe ee ae ee: 

Retiring Allowance eee. See eer Ny LP 

Clerks and Messengers. . Pe AEG, ol 

Premiums on Staff Pensions Policies | 2) =e STS 2 aS 
9,959 

») STATIONERY, PostTaGEs, ETC.— 

Stationery and Printing . . oo ing’ OD ae 

Postages, Telegrams mee Parcels. = «oe Oooo: 
2,438 


», PUBLICATIONS REVENUE ACoOUNT— 
12,000 Amount provided for the year, per page 239 
», RESEAROH RESERVE— 


1,300 Amount provided for the year, per page 245 . . ah 
»> LIBRARY— 
Books and Periodicals. . . . . . . . . 305 2 
Binding . . oo sas, Re a meer aoe ara 
Salaries and Pensions Premiums ee os es EE: 
1,884 
», EXAMINATION ExpENSES— 
Examiners, Printing and General . . . . . 1,877 15 
Salaries and Pensions Premiums. . . . . . 1,902 12 


Ue re a meses ah Sh As 
3,497 ee 
960 ,, CONVERSAZIONE AND ANNUAL DINNER 

— ,, ANNUAL LUNCHEON . “eae” $e. 
54 5, . DIPLomas 5 
»» LOCAL ASSoclATIoNs— 


835 Grants to Local Associations, ete. . . 
», CONTRIBUTION TOWARDS ADVISORY ComMrrrEE IN 
85 Wire Dommnrons? (03 a as Me eee 

» GRANTS AND ContTRIBUTIONS— 
British Standards Institution. . . . . . . 50 0 
Engineering Joint Council . . . 2... C, 12 10 . 
' Westminster Hospital . ae os ele Oe 10 10 
World Power Conference ee, Ne Sees ebay 


72 ,, AMERICAN VISIT AND BrRMINGHAM SUMMER MEETING 
», LEGAL AND OTHER oe Lrg op CHARGES— 

Legal Charges . . i ei 6) Oe ee ae LOS ae Oo 

Audit Fee . . oily 1s. 7, Ve. in ee Oe OS ae 

Engineers’ Charges . ee Pe ers 5 5 0 


96 ,, TRAVELLING EXPENSES To CoMMITTEES . 
6 ,, Interest on Bank OveRDRAFT 


1,594 ,, BALANCE, BEING ExcEss or INCOME OVER EXPENpr- 
TURE FOR THE YEAR AS PER BaLanon SHEET, page 237 
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M Ist APRIL, 1940, TO 3lst MARCH, 1941. 


INCOME. 1939-40 
‘3 Sed £ Bae © ee 


JBSCRIPTIONS RECEIVED APPLICABLE TO THE FINAN- 


TAL YEAR 1940-1941 . 2 oe 6 oe el ae 35,939 10 8 385,548 
Mutants 1b = 5 5 se is + a 4,336 10 0 5,439 
BC OMPOSITION \s 2 OSS ees oe SS 100 


{TEREST, DIVIDENDS, ETCO.— 


On Institution Investments. . . . . . . 41,098 3 9 
On Current Account etc. ee eee a ee 49 17 8 
Income Tax refunded for the year 1939-40 . . 43215 3 


1,580 16 8 1,5f8 


XAMINATION FEES FOR THE OP ROR Te 1940, AND 


Aprit, 1941, EXAMINATIONS . . Sede en 2,288 0 0 3,198 
PBRARY FUND DONATIONS . -. ~« «© + «© « oi 20 2 6 49 
& 


eet a £44,164 19 10 45,847 


t ex.“ yee 
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Capital 
Accounts. 


Ce re 
8,038 9 4 


270 0 0 


6,337 12 4 
500 0 0 


600 0 0 
540 0 0 
1,234 14 0 
1,647 10 10 
1,080 0 0 


1,318 11 8 


1,000 0 0 


22,566 18 2 
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TRUS' 


CaritaL ACCOUNTS AND INVESTMENT THEREOF AND INVESTME: 


TeLrorp Funp. 
£8,738 13s. Od. 24% Consols 
£50 16s. 11d. 34% War Loan 
Mansy Donation. 
£250 London & North-Eastern 
Railway So's 2nd Quaranteed 
Stock* . >> 
Mixer Funp. 
£5,129 17s. 5d. 24% Consols . 
£1,513 15s. 9d. 349% War Loan. 
Howarp BEQuvUEST. 
£352 11s. 5d. 2% Consols . . 
Cost of Medal Die . .. . 
TREVITHIOK MEMORIAL. 
£103 23% Consols . . 
se 5s. Td. 34% Conversion Loan 
1961 


CRAMPTON Brquzst. 
£512 15s. 11d. 24% Consols 
£40 13s. 7d. 34% War Loan . 
JAMES ForrEstT LECTURE AND MEDAL 
Funp. 
£465 Southern Railway 4% Deben- 
ture Stock . ° 
£667 5s. 8d. 34% ‘War Loan 
Patmer ScHOLARSHIP. 
£1,650 10s. Od. 3% Redemption 
Stock, 1986-1996 . oy i, 
£100 9s. 8d. 34% War Loan 
Joun Bayxiss Brquzst. 
£1,013 17s. 10d. London mit. 
3% Stock, 1920 . = 
£80 7s. 10d. 34% War Loan 
Tue Inpran Funp. 
£1,353 48, 2d. 24% Consols . 
£171 13s. 3a. 33% War Loan 
Vernon-Harcourt Brquzst. 
£1,082 9s. 10d. ite aaah 3% 
Stock, 1920 we 


Carried forward . 


Investments. 


Unexpended 
Capital. Taereate 


4 
1,487 10 0 


(— 7 — a — a —) 


B 
—) 
o 
° 


1,000 0 0 
22,566 18 2|_ 


oomnnnen 
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FUNDS. 


OF UNEXPENDED INcoME at 3lstT Marcu, 1941. 


Investments. 


Capital 
Accounts. 
Capital. Deane’ 


8. da. fia pod. £ 238. d. 
22,566 18 2 Brought forward . . . | 22,566 18 2 
1,3 0 


,300 0 WEBB BEQUEST. 
£1,055 7s. 2d. Metropolitan Water 
Board 38% “B” Stock . . . {1,000 0 0 
£303 16s. 2d. 34% War Loan . 300 0 0 


2,948 8 0} Wrutram LinpLey Funp. 
£1,214 London Midland & Scot- 
tish ial 4% Debenture 


Stock 1,584 16 8 
£1,221 1s. “4d. 3% Savings Bonds 
1955/65. 1,221 1 4 
£151 9s. 7d. 34% War Loan 5. 142 10 0 
725 0 O| Ketvin Mepat Funp. 
£757 18s. 11d. 3494 War Loan : 725 0 0 
4,250 0 0 | CHartEs HawksLEY BrQuEst. 
£955 Metropolitan Water Board 
38% “B” Stock . 573 0 0 
£500 South Essex Waterworks 5%, 
Preference Stock . . 5 435 0 0 
£70 5% Sheffield Corporation 
Water Annuities . . 1,992 0 0 
£40 4% Sheffield Corporation 2 
Water Annuities .. 
£1,257 17s. 4d. 34% War Loan ~. 1,250 0 0 
1,101 6 5 CooPERS Hot War MEmMorRIAL. 
£1,239 15s. Od. 34% War Loan .| 1,101 6 5 
£215 128. 3d. 34% War Loan . . es 214 8 2 


3,570 4 0/|C. C. Linpsay Crvm ENGINEERING 
ScHoLaRsHie FUND. 
£3,500 34% War Loan. . . ./| 3,570 4 0 
320 O O | SaxeR Mupat Founp. 
£290 5s. 8d. London County Cons. 


44/ Stock, 1945-85 . . 320 0 0 
809 11 0O| Jamms ALFRED EwiIne Mepat 
Funp. 
£798 12s. 9d. Middlesex County 
: Council 3% Stock, 1961-1966 . 807 9 0 
641 4 10)| G. H. Dennison Funp. 
£706 3s. 24.3% Local Loans . . 641 4 10 
38,232 12 5 As per Balance Sheet, page 237. . 38,230 10 5] *214 8 2 


Le ee a eee 


Nore.—*The value of these Investments at ruling prices on 31st March, 1941, amounted 
approximately to £37,013 and £226 respectively. 


nev 4 
) 
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TRUST FUNDS INCOME ACCOUNTS FROM — 


Trust Fund. Balance at 1st April, 1940. 
£ a di 
Telford Fund . 64 4 5 
Manby Fund . 0 6 ODr. 
Miller Fund ; 636-170 
Howard Bequest . 18 3 9 
Trevithick Memorial be Cea 
Crampton Bequest . : 0 6 10 Dr. 
James Forrest Lecture and Medal Fund ue ee ere Ma We 
Palmer Scholarship Fund . . et RAT IO Si as 
John Bayliss Bequest’ 2. 7. 1. BP eh 94 0 2 
Indian Fund . . <1 ehetl etn 94 8 7 
Vernon- Harcourt Bequest fe ce | he eee 130 19 5 
Webb Bequest:.{'%..-i-- Qu... 5 CR eee, 283 19 8 
William Lindley Fond? 2). tr (< ..220 eae 713 12 7 
Kelvin Medal Fund . . ie ee ae 138 6 11 
Charles Hawksley Bequest . lyre. Baris 114615 2 
Coopers Hill War Memorial Fund . at. 347 2 4 
C. C. Lindsay Civil Engineering Scholarship I Fund . . 589 0 1 
Baker Medal Fund . aaa Combs 32 6 20 
James Alfred Ewing Metal Fond .-sal WM ees SOc1 7 
G.H. Dennison Fund . . Cet ers. oat 19 8 4 
Totals %\. }:.4 5... eee £3,307 18 3 
RESEARCH 
To RrsraRoOH— £8. d. £ “ede 
Earth-Pressures Research . sas: 2,0004.0 0. 
Soil Corrosion of Cement Products Research — ree 215 4 
Earthing to Water-Mains Research sd Wt os wie gt LO aa, 
Welding Research “_e 25 0 0 
Joint Committee on Materials and their Testing = As 10 0 0 
Soil Corrosion of Metals . 3 tet . BOOr20: 0 
Pneumatic and Hydraulic Conveyors Ler eee, SN 2.19.6 
1,640 14 9 
To Ornmr ExppnsEs— 
Travelling Expenses to Committees . . . . . 23 5 1 
Salaries and Pensions Premiums . <T te Bpbel®. 7 
Sundries, including Printing, Travelling, eto, ses 116 8 
476 12 4 
To BataNow carried down. <9. 2 wo. . _ ner i ‘ i 
25,560 13 ~~ 


COMMITTEE ON THE DETERIORATION OF 
Account From Ist APRIL, 1940, 


£8, 
To Amount paid on behalf of or to the ip ape the hae to fees 
3lst March,1941 . . . 275 2 2 
» Balance carried down . 1 eT KS gerne ee. 1,034 6 3 
£1,309 8 5 


ta 
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Ist APRIL, 1940, TO 31st MARCH, 1941. 


», Balance brought down as per Balance Sheet, page 236 
— 


Bee Including Income P 
Tax refunded for tne year So Seo ne Balance at 31st March, 1941. 
£ CE gel Phe ee aM 2h OES rh 
2 Tt 167 12 9 117 18 9 
9 5 0 0 9 OCr. 9 8 0 
190 9 10 LS LOleS . Fa LOT 
eee ——— 27 6 4 
20 8 1 1 1 OC. 2619 8 
14 410 —— — TS LS 'O 
40 12 0 47 9 6 4 8 6Dr. 
54 10 6 56 5 O 8 7 0O 
30) eOuod 90 0 0 43 0 9 
41 9 1 — — — 135 17 $ 
39 3 11 63 0 0 107 3 4 
4416 1 — — — ,3828 15 9 
119 14 4 240 0 0 593 6 11 
28 18 O — — — 167 +4 11 
197 8 0 225 0 0 893, 2 
Osea, oh 44 17 10 355 9 It 
32 15, 2 50 0 0 671 15 3 
13 14 0 —_—— — Die OO 
2213), 1 21 1b 0 2419 8 
20 610 30 0 0 915 2 
Sieals 3) 7 £1,055 10 4 £3,565 11 6 
t+ Of which £214 8s. 2d. is invested (see page 243). 
RESERVE. 
Ct ant Be a fe 
By Balance, as per last Account 3,069 1 3 
», Contributions from other Bodies . 1,200 0 0 
;, Lnstitution Revenue Recount 2AuIouat protiied for the year— 
per page 240 . eS ena Cees Sy te Sees 1,300 0 0 
7 
A, £5,569 1 3 
5 Balance brought down as per Balance Sheet, page 236 £3,451 14 2 
STRUCTURES EXPOSED TO SEA ACTION. 
To 3lst Marcu, 1941. 
Le gals 
By Balance, as per last Account . 1,191 4 5 
» Interest on Investment 42 0 0 
», Surplus ‘on Sale of Investment » 76.4 0 
£1,309 8 5 
£1,034 6 3 
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INSTITUTION INVESTMENTS AT 3lst MARCH, 1941 (INCLUDING 


REPORT OF THE COUNCIL, 


THOSE HELD IN RESPECT OF REPAIRS AND RENEWALS 
RESERVE) AT COST. 


£ 
3,000 
6,000 


6,000 
2,545 


_ 5,994 
2,720 
3,809 

452 


989 
5,327 
9,400 


470 


2,000 
5,000 


8. 
0 
0 


d. 
0 
0 


Metropolitan Water Board 3% ‘‘ B”* Stock 


London and North Eastern rae 4% Debenture 
Stock . : 


London Midland ‘snd Seottish Railway 4% Debaitaré 
Stock . ; 


London Midland ini Scottish Railway 49% ¢ Ta 
Stock . : 


34% War Loan : 
London Passenger Transport Pel 440% ee " ie > Stock 
33% War Loan 


London Midland and Scottish Railway 4% Gucraiiend 
Stock . : 


London Passenger The. Board 43% < ‘A “y > Stock 
New Zealand 3% Stock, 1952-1955 . 


Middlesex County Council 3% Redeemable Stock, 
1961-1966 . . 


3% Local Loans 
National Gas and Oil Engine Co., , Ltd., 3, 336 6 Ordinary 
Shares of fl. . 


24% National War Bonds, 1945/47 « 
24% National War Bonds, 1946/48 . 


As per Balance Sheet, page 237 


£ 
2,958 
7,749 
7,452 


1,976 
3,586 
3,327 
3,824 


351 
1,210 
5,334 


9,391 


461 


2,668 
2,000 
5,000 


. £57,294 


Norr.—The value of these Investments at ruling prices on 31st March 1941, amounted 


MADE AND PRINTED IN GREAT BRITAIN BY WILLIAM OLOWES AND SONS, LIMITED, 


approximately to £54,951. 


LONDON AND BEOOLES. 


se 


NotEe.—Pages [1] to [10] can be omitted when the Journal is bound in 
volume form. 


NOTICES 


No. 6, 1940—41 
APRIL, 1941 


MEETINGS, SESSION 1940-41. 


ANNUAL GENERAL MEETING. 


The Annual General Meeting of Corporate Members will be held on 
Tuesday, 27 May, at 1.30 p.m. A ballot for the election of new members 
will precede the meeting. 

As was the case last year, it is not proposed to read the Report of the 
Council at the meeting, which is, instead, published beforehand in this 
Number of the Journal (pp. 223-246, post). ; 

The Corporate Members present will be asked that the Report may be 
taken as read, to enable the President to review the work of The Institution 
during the period covered by the Report. 

A short film (90 feet) illustrating the collapse of the Tacoma suspension 
bridge, in the State of Washington, will be shown after the meeting. 


SPECIAL ANNOUNCEMENTS. 


‘ 
SERVICE IN THE ARMED FORCES. 


Corporate Members who are free and who desire to offer them- 
selves for service in the Armed Forces may notify the Secretary, 
as vacancies in various technical branches of the Services are intimated 
to The Institution from time to time, during intervals of publication 


‘of each Number of the Journal. 


RECORD OF SERVICE IN THE FORCES, 


For office purposes, a record is being kept of members’ service with 
H.M. Forces, and Corporate Members and Students who have not already 
done so are asked to inform the Secretary of such service, i.e. unit, 
rank, promotions, decorations, etc. Further, practical use is made of 
such information when inquiries from the Services are received by The 


Institution. 


[2] 
MILITARY SERVICE. MINISTRY OF LABOUR. 


Details of the following appear on pp. [2}{5] respectively of the 
December, 1940, Number of the Journal :— 


Vocational instruction for those temporarily serving in H.M. For 
2 
a Registration | in the Army Officers’ Emergency Reserve, and special 
enlistment in the Royal Engineers (p. [4]). 

An entry in the Ministry of Labour’s “Schedule of Reserved Occupatio. 
and Protected Work” as affecting “ student engineering apprentices or 
learners ”, reserved at and above the age of 18 years, who wish to sit fo: 
Sections A and B of the Associate Membership Examinations (p. [5)). 


NATIONAL SERVICE (ARMED FORCES) ACT, 1939. 

Students of The Institution who are above 18 years of age and who 
are liable for service under the National Service (Armed Forces) Act, 
1939, must register at a Local Employment Exchange when their age-— 
groups are called, and may obtain from the Secretary a form of certificate 
indicating their connexion with The Institution, which, upon production 
to the Registration Officer, will, it is anticipated, assist them in being 
posted to the ranks of the Corps of Royal Engineers or to a technical unit 
in which their qualifications can be employed. 

Pupil Civil Engineers of 23 years of age and upwards are no longer 
reserved, according to the “Schedule of Reserved Occupations and 
Protected Work’ revised 10 April, 1941. 


A Corporate Member who is normally engaged in civil engineering 
must register at a Local Employment Exchange when his age-group is 
called, and should designate himself as a “ Civil Engineer” to accord 
- with the Ministry of Labour’s “ Schedule of Reserved riirig Sons and 
Protected Work.” 

He should obtain beforehand from the Secretary of The Institution a— 
certificate of membership, for production to the Registration ince 


REGISTRATION FOR EMPLOYMENT ORDER, 1941. 


The Minister of Labour and National Service has made an Order 
entitled “ Registration for Employment Order, 1941”, which came into 
force on the 15th March. Under this Order the Minister may from time i 
to time, by public notice or otherwise, require any person of either sex, 
who is a British subject and is at the date of the notice in Great Britain, 
or, not having been in Great Britain at that date, subsequently enters it, 
or any such person of any class or description specified in the notice to :— 


(a) register particulars about himself in the form set out in the 
Schedule annexed to the Order on such dates, at such times, 
in such manner and at such places as may be so notified ; and 


[3] 


(6) at any time and from time to time furnish to the Minister such 
particulars about himself in addition to any particulars already 
registered by him (whether by virtue of the provisions of this 
Order or the National Service (Armed Forces) Act, 1939) in 
such manner and at such places as the Minister may require. 


The registration does not apply to those rendering paid whole-time 
service with the Armed Forces of the Crown. 

The Institution has been informed that Corporate Members must register 
in their age groups as and when announced by public notice unless they 
are engaged in Government service, or on engineering contracts directly for 
the Government, or in armament works: those born between 31 December, 
1897, and 6 April, 1900, have already registered. Corporate Members 
normally engaged in civil engineering should register as “ Chartered Civil 
Engineers ”’, and a certificate of membership may be obtained beforehand 
from the Secretary of The Institution for production to the Registration 
Officer. 


GENERAL ANNOUNCEMENTS. 
BALLOT FOR THE ELECTION OF THE COUNCIL. 


A voting paper and covering letter in regard to the Ballot for the 
election of the Council for 1941-42 are sent with this Number of the Journal 
to home Corporate Members. 


As 
THE JOURNAL. 


The next Number of the Journal will be published on the 15th June. 


INVITATION TO PRESENT SHORT PAPERS. 


The Council are prepared to receive short original Communications of, 
say, 2,000 words, accompanied by two or three illustrations, for inclusion 
in the Journal. Such Communications should be topical in character and 
might deal, for example, with demolition and reconstruction problems, or 
with minor constructional details, of a novel character, which would be of 

general interest to engineers. ; 


id 
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JAMES ALFRED EWING MEDAL, 


On the recommendation of the President of The Institution and Si 
Henry Dale, President of the Royal Society, the Council have awarded — 
the James Alfred Ewing Medal for 1940 to Mr. Harry Ralph Ricardo, B.A., 
Assoc. M. Inst. C.E., F.R.S. 


BAYLISS PRIZE. 


On the results of the October, 1940, Associate Membership Examina-_ 
tion (Sections A and B) at home and abroad, the Council find that 
under the conditions of the Award, Francis William Aries, of London, ~ 
a Student of The Institution, gains the Bayliss Prize of £15 in respect of 
this Examination. 

The Council have ordered that Arthur John Edward Ridley, of 
Pretoria, and Govind Dattatraya Joglekar, of Bombay, both approved 
candidates for election, who obtained respectively first and second places 
in order of merit, but are on account of age ineligible for the Prize, receive 
Honourable Mention. _ 


c. Cc. LINDSAY CIVIL ENGINEERING SCHOLARSHIPS. 


Regulations for the award of these Scholarships, sanctioned by the 
Board of Education, which are now vacant, may be obtained on applica- 
tion to the Honorary Secretaries of the Glasgow and District Association 
of Corporate Members and Students, Mr. William MacGregor, B.Sc., 
Assoc. M. Inst. C.E., Engineering Department, The University, Glasgow, 
W.2, and Mr. W. M. Cormie, B.Sc., Stud. Inst. C.E., Glenfield, Dumbuck 
Crescent, Dumbarton. Eligibility for. the award of these Scholarships, 
which are each of the value of not less than £25 per annum, is confined 
to Students of The Institution who are members of the Glasgow and 
District Association of Corporate Members and Students of The Institution, 
and are British subjects of Scottish parentage. 


PALMER SCHOLARSHIP. 


This Scholarship, which will become vacant in June 1941, consists of 
an award of £40 per annum to assist the son of a Civil Engineer (not 
necessarily a Corporate Member of The Institution) to graduate in any 


faculty at Cambridge University. Full particulars may be obtained from 
the Secretary. 


: [5] 
DENNISON SCHOLARSHIP, 


Regulations for the award of this Scholarship, which is now vacant, 
may be obtained on application to the Secretary. The Scholarship (of 
an annual value of about £20) is open to Students of The Institution, who 
are of limited means, to assist them to study Civil Engineering at a 
University, or other body, preference being given to candidates who are 
studying for Sections A and B of the Associate Membership Examination. 


BRITISH STANDARDS INSTITUTION. 


The Council have nominated Sir Leopold Savile, K.C.B., to succeed 
Sir Clement Hindley, K.C.I.E., as one of the three members appointed by 
The Institution to serve on the Engineering Divisional Council of the 
British Standards Institution. 


MINISTRY OF HOME SECURITY, RESEARCH AND 
EXPERIMENTS BRANCH. 

In addition to the Bulletins mentioned on pp. [8] and [5] of the 
December 1940 and January 1941 Numbers of the Journal, copies of the 
following Bulletins are available to members, by permission of the Ministry 
of Home Security, upon application to the Secretary of The Institution. 
Application should be made by post card, quoting the Bulletin No. given 
in the left-hand column. 


Bulletin No. C. 14 (Second edition) Refuge Room Dormitories. 
», C.16 Notes on Indoor (Anti-Debris) Shelters. 
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HONOURS. 
The Council have much pleasure in congratulating the following 
Member and Student on the distinctions conferred upon them :— 
Order of the Bath.— 
C.B. Howtoway, Ernust, 0.B.E. Member. 


Distinguished Flying Cross. 
Pais, JonN SHERBURN PrRixstLeEy (Flight Lieut. R.A.F.) Student. 


TRANSFERS, ELECTIONS, AND ADMISSIONS. 


Since the 18th February, 1941, the following elections have taken 
place :— 
Meeting. Member. Associate Members. 
18 March, 1941 1 14 
and during the same period the Council have transferred two Associate 
Members to the class of Members, and have admitted seventy-three 
Students. 


[6] 
DEATHS AND RESIGNATIONS. 


The Council have received, with regret, intimation of the following 
deaths and resignations :— 
Dratas. 
BicKERSTETH, Edward Charles. (E. 1894. T. 1920.) Member. 
Burnet, Farie. (EK. 1903.) 5 
Carson, William Harvey. (E. 1905. T. 1922.) 
DuCang, Charles George, 0.B.E., M.A. (E. 1906. T. 1920.) Member of Council. 


_ 


Heap, Henry Coleman. (E. 1898. T. 1916.) Member. 
Howarrn, Frank. (E. 1891. T. 1906.) ” 
Mackenziz, James. (E. 1890. T. 1911.) ” 
Ranken, Robert Limond. (E. 1907. T. 1922.) ” 
WINGFIELD, Charles Humphrey. (E. 1881. T. 1896.) 

Fox, Walter Ernest, B.E. (E. 1906.) Menace Member. 
HarkKER, William. (E. 1895.) ” 

Jaoxson, James Edward. (E. 1892.) PP ” 
Macerecor, Alfred Alexander. (E. 1879.) = Fr 
Nasu, Richard Wilkinson. (E. 1895.) Re re 
Paterson, Walter Saunders. (E. 1892.) se ss 
Sraman, Charles Joseph, M.B.E. (E. 1895.) y oe 
Wriaut, Sidney Lancelot. (E. 1920.) - * os 
*Brrou, Norman. (A. 1938.) Student. 


*Laweson, Harold Carlon. (A. 1939.) 
*Taytor, Frederic Becher. (A. 1937.) 


* Killed on Active Service. 


RESIGNATIONS. 
Cooprr, Austin George. (E. 1907. T. 1916.) Member. 
Hassarp, Arthur, M.A.I. (E. 1900. T. 1919.) Pe 
Page, Frank Watts. (E. 1894.) Associate Member. 


SHARPLEY, Reginald. (E. 1905.) 


” ” 


_RECENT ADDITIONS TO THE LIBRARY. 


[Journals, Proceedings of Societies, etc., are not included.] 

Awronautios. Manninc, W. 0. “‘ Flight Handbook.” 2nd ed. 1941. Flight 

Publishing Co. 4s. 
This handbook is intended for the ordinary individual who wishes to obtain 

a working acquaintance with aeronautics and flight without recourse to mathe- — 
matics or other scientific knowledge. Its contents include descriptions of the 
principal features of modern air fighters and bombers. 

Barrrrizs. Huauss, G. B. ‘ Dry Batteries.” 1940. Hutchinson. 6s. 

*ELEOTRIOAL UNDERTAKINGS. GaRReETT, F.C., Hd. ‘‘ Garcke’s Manual of Electrical 
Undertakings.” 1940-41 ed. 1941. King. 42s. 

_ Enernnrrine. Craxron, W. J. ‘“‘ Half-hours with Great Engineers.” 1940. 

Wells Gardner, Darton. 


— Urqunart, L. C., Hd. ‘Civil Engineering Handbook.” 2nd ed. 1940. 
McGraw-Hill. 35s. 

Encinrrrine Drawinc. Weeks, W. “ Engineering Drawing.” 1940. Marshall. 
28. ; 


Faotormms. Puen, R., Hd. “Factory Training Manual.” 1941. Management 
Pub’ns. Trust, Ltd., 5 Pierreport Street, Bath. 5s. 
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FriaHt. See ARONAUTICS. 


Fioors anp Fioorine. Sicimr. P. A., and Others. “Properties of Adhesives for 
Floor Coverings.” Report B.M.S. 59. U.S.B.S. 


-—— Warttemors, H. L., and Others. ‘Structural Properties of a Precast Joist 
* Concrete Floor.” Report B.M.S. 62. U.S.B.S. 1940. Supt. of Documents, 
Washington. 10 cents each. 


Gas anpD Gas Suppty. ‘‘Gas Journal Calendar and Directory, 1941.” 1941. 
Walter King. 21s. 

In addition to a comprehensive directory of gas undertakings in Great 
Britain, Hire, and the Dominions, statistics and details of modern gas-works - 
practice are given, together with useful general information and Tables for daily 
reference in the gas and allied industries. 


Gaszs. JouNsTone, H. F., and Stinau, A.D. ‘“ Recovery of Sulphur Dioxide from 
Dilute Waste Gases by Chemical Regeneration of the Absorbent.” 1940. 
Bulletin 324, University of Illinois, Urbana. One dollar. 


Heatina. Overton, L. J. “‘ Domestic Hot Water Supplies.” 1939. Lockwood. 
3s. 


Hypravuics. See Srwaqce Disposat AND SEWERAGE; SILT; TURBULENCE. 


“Macutne Toots. Sontustnanr, G. “ Accuracy in Machine Tools: how to Measure 
and Maintain it.” 1940. Institution of Production Engineers. 3s. 

*MINES AND Mintna. Skinner, W. H., Hd. ‘‘ Mining Year Book, 1941.” 1941. 
Skinner. 20s. 

Power Stations. Carr, T. H. “Electric Power Stations.” Vol. 1. 1941. 
Chapman and Hall. 30s. 

Prick Booxs. Spron’s “ Architects’ and Builders’ Pocket Price Book.” 68th ed. 
1941. Spon. 6s. 

At present much of the estimator’s work consists in pricing claims for air raid 
damage. Under the regulations such claims have to be made on 1939 prices, 
which have therefore been retained throughout the new edition. Conversion 
tables enable the 1939 prices to be easily adjusted to present-day values. 

Pumes. O’Brien, M. P., and R. G. Fotsom. ‘“‘ Axial Adjustment of Deepwell 
Turbine Pumps.” Univ. of Cal., Pub’ns in Eng’g, Vol. 4, No. 2. 1940. 
California University Press. 25 cents. 

Smwace DisposaL AnD SEWERAGE. Bassit, H. E.,and D. H. Canpweiu. “ Turbu- 
lent Flow of Sludge in Pipes.” Bulletin 323. 1940. University of Illinois, 
Urbana. 45 cents. 

*Sirt. Two articles on Silt. By Donat, J., and PUTZINGER, J., translated by 
Q. M. Saleh. 1919 and 1929. 

*SmatL Arms. Groran, J. N. “ English Pistols and Revolvers.” 1938. Bland, 

4. & 6 King William IV St., W.C.2. 17s. 6d. 

Structures. Witsur, J.B. ‘Structural Analysis Laboratory Research, 1939-40,” 
Serial 73. 1940. Massachusetts Institute of Technology, Cambridge, Mass. 
No price. 

SunpHur. See GAsEs. 

TurrMionio VaLves. Harvey, A.F. ‘‘ Thermionic Valves of Very High Tempera- 
tures.” 1941. Chapman and Hall. 18s. 


‘Time AND Motion Stupy. SHumarp, F. W. “A Primer of Time Motion Study.” 
1940. McGraw-Hill. 365s. 


+ 


[8] 


*TURBULENCE. Buanpari, N. N. ‘“‘ A Study of the Turbulence created by t 
Discharging of a Jet into a Mass of the Liquid.” Thesis submitted to 
University of London, Session 1940-41. 

Watts. Fisupurn, C. C. “‘ Effects of Wetting and Drying on the Pence 

Masonry Walls.” Report B.M.S. 55. U.S.B.S. 

Wuittemore, H. L., and Others. “Structural Properties of Two No 

reinforced Monolithic Concrete Wall Constructions.” Report B.M.S. 61. 
U.S.B.S. 1940. Supt. of Documents, Washington. 10 cents each. 

*War. Forrtscu, H. ‘‘ Art of Modern Warfare.” 1940. Oscar Piest, New York. 
$2.75, or 17s. 6d. 


(* The foregoing books, with the exception of those marked with an asterisk, may be 
borrowed from the Loan Library.) 
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DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH. 


Fire Protection of Structural Steelwork. 


It has been estimated that for every ton of steelwork irreparably 
damaged by high explosive bombs at least 10 tons has been destroyed 
by fire. The fire protection of structural steelwork is, therefore, of first- 

class importance. The latest Wartime Building Bulletin issued by the 
Building Research Station of the Department of Scientific and Industrial 
Research—Bulletin No. 13, “‘ The Fire Protection of Structural Steel- 
work,” H.M. Stationery Office, price 1s.—therefore commands attention 
because it deals with this important subject. Structural precautions 
against fire and the organization of fire fighting arrangements should go 
together. The more effective the structural precautions, the less will be 
the effect of any fire started and the easier it will be to deal with. 

The Bulletin is divided into two parts. In the first, simple rules are 
given for assessing the degree of protection appropriate to different 
occupancies, having regard, however, to the accessibility of fire fighting 
services. The second part then shows how the different degrees of pro- 
tection may be obtained. A variety of treatments are described, and in 
most cases illustrated, and tables are given relating the thickness of treat- 
ment to the degree of protection provided. There is added a list, furnished 
by the Building Centre, of firms known to supply products of the type 
described. 

The suggestions in the Bulletin deserve study for application both to | 
new and existing factories, for even where, in existing factories, the beams 
and trusses would be overloaded by application of heavy fire protection 
material, treatment of the stanchions alone will limit the damage. 


Centerless Arch Designs. 


In wartime, problems of building have to be solved in a variety of 
ways, the choice being governed by the requirements of the building and 
the materials most readily available at the particular time and place. 
Design and use must therefore be flexible. The centerless arch con- 
struction described in Wartime Building Bulletin No. 14 just issued by 
the Building Research Station of the Department of Scientific and Indus- 
trial Research (H.M. Stationery Office—ls.), is an example of a method 
of building which requires no timber and little steel ; and where resistance 
to earth tremors, e.g. from explosions or earthquakes, is not required, 

steel can be dispensed with altogether. i 

The method of construction was described in general terms in War- 
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time Building Bulletin No. 6, and aroused much interest. A number of 
arch buildings of this type have already been erected. The purpose of 
the present Bulletin is to give detailed information of the design and 
construction of segmental arches of this type. Notes and design curves 
are given covering the design of segmental arches for any span and 
clearance conditions. The method of design is simple and is fully illus- 
trated by an example. Although a semicircular shape is practicable, a 
segmental shape gives greater economy and stability. Notes on wall and 
footing construction are also given. Briefly, the construction consists of 
a series of arch rings made up of precast concrete blocks. The blocks are 
provided with lugs and recesses which enable the arch to be built ring by 
ring, using the already erected rings as a support for new ones, the first 
ting being supported on the end wall. Grooves are provided in the blocks 
for the insertion of such steel reinforcement as may be required. By the 
provision of a raised rim on the periphery of the blocks, the joints can be 
grouted after the blocks have been placed, so that the blocks do not have 
to be mortared before being put into place. The arches can be used for 
protected workshops, shelters, hutments, etc., and the standards of over- 
head and lateral protection required by the Code issued by the Ministry 
of Home Security can be readily satisfied. The construction can be 
undertaken by semi-skilled labour, and the cost compares favourably with 
that of other structures offering similar advantages, particularly as regards 
protection. - 

Four typical examples of buildings incorporating centerless arches are 
given, each of which can be constructed either as a surface hutment or 
semi-sunk with overhead earth cover. 

The application of the centerless arch to factory construction is illus- 
trated. Other examples of the possible use of the specially-shaped blocks 
are given, such as for jack arches, culverts, silos, well linings, and conduits. 


; 


